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RED ROSE KINE

UNDERGROUND DIAIOND DRILL HOtE LOGS

0110&5

Logged by R. G. McEachern

Note: - The division ot the d'iorite into three separate
types was est0blished during the st~dy ot the under-

, grount cores~ Theretore logs made earlier in the
study did not originally show the division. Later
the logs were rewritten and division made ontthe
basis ot, the rock descriptions with only a very
limited recheck ot the core. Therefore inconsistencies
may exist in the diorite divisions in these logs,
particularly those of holes U2 J U3, U4, and U5.

Hole Ul

Footage
From To
0- 5
5 - 131

131 - 140
END

Hole U2

Description

No core tt~a8ingtt

S.E.Di. - Distinctly porphyritic in first
40' then variably mottled to near end,
where it is even textured similar to M.Di.'
F. P. Dyke

-. '

o 53
53 56.5
56.1- 58.5
58.5- 60
60 - 135.5 ?(

- 135.5- 184.5
184.5-186
186 - 269

259 261
269 - 286.5

286.5-291
291 -294
294 -319

END

Hole U3

o -53.5
53.5- 58 v

58 - 123
-'7123 - 175

17'5 209
209 - 301

301 - S06

Sed. - Bi rich
Di. Dyke
Sed.· -
Di. Dyke
Sed. - Bi rich, bleached along fractures
N.W. Di.
Sed. - dark gray, little Bi.

'M. Di. - some ~ariations similar to •• W. Di.,
could be dykes of latter?
rusty, shattered, some hornblendization, shear?
F.P. Dy~e - considerable core lost, no apparent
reason.

V. Dyke
r.p. Dyke - mqst of core lost
M. Di.

Sed. - Bi rich, altered, bleached.
Di. Dyke .
Sed. - only moderate amount of Bi.
N. W. Di.
Box ot core missing
M. Di - very unitora texture, variable biotite

replacement ot hornblende. Increasing horn­
blendisation o~er last f~w feet to a completely

,hornblende rock at end.
Vein - quarts with chalcopyrite, molybdenite
and sch.elite. ·Relatively unaltered Di. 303-4
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221 - 277
277 -279
279 428
428 - 430.5
430.5- 435
435 - 438.5·,
438.5-466.5
466.5- 491

491 - 492
492 495
495 - 496

496 - 514
514 -522
522 - 530
530 - 540
540 - 544
54& - 546

665 - 674
674 - 716

END

(2 )

Description

V. Dyke
Vein as 3(16
Vein quarts with considerable hornblende ­

largely replaced Di.?
Core mixed and most lost. Vein qtz, hornblendite,

and li'.P. Dyke.
F.P. Dyke

No core - "Casing"
Sed. - Bi rioh in most. Considerable fract~ring .

and associated bleaching iri last Dart. " t

Much shattered and considerable co~e lost.
Probably N.W. Di. but could be altered Sed.?

N.W. Di.
Di. Pegmatite Dyke. Uniform, moderately coarse

textured rock of dioritic composition similar
'n appearance to more uniform parts of N.W. Di.
However, is present here and in several other
place s a 8 ·8 defini te dyke. Not fine gra ined
at contadts, hence considerable pegmatitic.

M. Dl.
Dyke - dark greenish gra7, rtow largely chloriti~ed.

M. Di.
Dl~ Pegmatite Dyke.
M. Di.
Dyke - dark, tine grained.
M. Di.
Sed. - Bi. rich, much bleaching and alteration

a •• ,ee8~.i we~j Ira.iire.!
A8sociated with fractures.

V. Dyke
Sed. ,
Quarts Vein - barren. Core broken just beyond

ve in - shear ?
r.p. Dyke .....
~ed. - sheared, altered.
F.P. Dyke.·
Sed. - Bi. rich
Di. Dyke - similar to K. Di.
Sed. - relatively little Bi. in much ot it.'

Several small r.p dykes
Di. Pegmatite dyke
Sed. Bi~ and bleaching 10cal17. Several small
Di. Pegmatite dykes
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Note: - The division ot the diorite into three separate
types was eata,blished during the' study o·t the under­
groun~ cores. ~herefore logs made earlier in the
study did not originally show the division. Later
the logs were rewritten and division made on the
basis of th& rock descriptions with only a very

limited rechec
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Hole U6

lPootage

( 3) .

Description

,

From To

o - 22?
227 - 285
285 287
287 -359.5
3 59 • 5 -3 6 0 • 5
360.5- 362
362 - 420.5
420.5- 445
445 - 505
505 - 510
510 - ,522
522 - 53a­
538 - 547

547 559
559 - 719

779 - 786
END

Hole U6

0 11
11 36
36 46
46 80.5
80.5- 85?

85? - 90
END

Hole U7

0 26.5
26.5- 74

END

Hole U8

0 94
END

Hole U9

0 61
61 14

74 - 103
END

No core - plugged
M.D1.
Dyke - dark, fine grained.
:M. Di.
Dyke, - dark, fine grained.
Shattered sane - fault
.M. D1.
Sed.
M. Di. 502-502 Dyke - very similar to V. Dyke
"Sed.
Di. Dyke - similar to N.W. Di.
F.P. Dyke
4' core lost - remainder fragments of sed. &
P.P. Dyke

F.P. Dyke '< '
Sed. B1 rich at beginning, but remainder gray colored
with little or no Bt. Several small Di.
Pegmatite Dykes and two small F.P. Dykes

P.P. Dyk.

S.E.- Di.
Sed. - Bl r icb
S.E. Di.
Sed. Bi rich '
'Sed. large 11' hornb lend i zed wi th pyri te' and

a little chalcopyrite. Rustyand fractured
••me core lost.

Sed. - Bi rich

S.E. Dl
Sed. Hi rich

S.E.Di.

S.E. Di.
Ma8~ive P7rite and Chalcopyrite replacement

in sheared Di. Diorite largely hornblendized.
S. E. Di.



(4 )

Hole,tilG . r

Footage

From To

o - 193

END

Hoel UII

o - 34.5
34.5- 38
38 - 54
54 - 77 F.P.
77 - 91
91 - 97
97 -155
Still drilling.

Description

N.W. Di. variable. Fracture zone in pla~e3,

but nothing to suggest presence of strong
shear or fault.

R. G. McE/rcb/ehb
Prince Rupert ottice/Red Rose Mine Ottice
Sept. 28 /53 / Sept. 9/54
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ABST ACT

The ed Rose mine was British Columbia's largest producer ot

tungsten during orld War II.

Scheelite occurs in a shear-zone that cuts I sozoic Coast

ange intrusives and hornfelsed tuff within 750 feet ot the ocher D6boule

batholith.

The minerals include scheelite, some ferberite, and, in order

ot abundance; ~uartz, ort.oclase, oligoclase, apatite, biotite, horn-
e .17/ 1-1 ~ <:> r' Ie. caro. '7" t"c!.J

blendey{ch copyrite, and molybdenite. Cobalt ian arsenopyrite, pyr-

rhotite, chalconyrite, quartz, and tourmaline occur in the shear beYQnd

the schee1ite.

The scheelite ore occurs in two shoots where the shear cuts

a 400-toot diorite sill but is not found where the shear cuts hornfelsed

tuff. The stress diagram of the vein-shear and related breaks shows

that the two ore s~oots pitch in the s me direction as the pitch of

the intersection of potential tens~on openings with the vein.

pectro-chemica1 analyses of 28 specimens of wall-rock and

nearby rocks and of 14 specimens of vein- and rock-minerals sowed

variations of the trace elements in groups in which the ran~ in ato c

radii was within the 15 per cent. limit allowed by Goldschmidt in his

rule tor isomorphism of elements. Tungsten was absent in all the rock

analyses; apparently it did not wander as a trace element into the wall-

rocks.

The lentic ar torm, coar e to pegmatitic texture, and min­

eralogy of the tun~sten vein, imply tormation at high pressure nd

temperature (the hypothermal class of veins).

J

s a producing property,
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the Red Rose 1s tmlque in a class of scllee1ite deposits that does not

ordinarily includecommerolal deposits of tW1gsten.

The Red Hose mine 1s in northern British Columbia, 12 miles

in an air-line southerly trom the to\Vll of Hazalto·n (li'llg. 1). 'l"he work..·

Ings (Fig. 2), between elevations of 5,650 and 0,400 feet, are above

timberline on the 'tvestern slopes ot .the .tocher D'boule mowltalns. These

mount~i.ns are 50 miles northeast of the main Coast Hange.

The property \Vas staked in 1913 and the early work was done

on outcrops of the vein where it carried small amoWlts ot copper, gold

and slIver. These workings hove been described by Kindle. l It was not

lKl.ndle. E.D.• , IvU.nera.l resourees. Haz·elton and dmithers areas, Cassiar

and Coast districts, 13,.0. Geol. Burv. of Canada. Mem. 223. P. 5?, 1949­

until 1923 that soheelite Vias found in outcrops of the same vein 700

feet abo've the copper-gold-silver showings. 1.io\Vf3Ver, little work was

done on tllese until the summer or 1940 wl.i.sn the Consolidated Laning and

Smelting Co. t Lt'd. J drilled 12 diamond-drill holes, rangln{".; trom 70 to

250 teet In length,. that cut the vein from 80 to 325 feet below the

outcrop. Shortly afterwards, this oompany started underground work.

built a 75-ton mill, and started milling in October 1942. Udlllng con­

tinued until November 1943, when the property was closed do\'m beoause

of lack of ma.rkets aHd sL.ortage or labOr. During this period "600 tons

of high.. (73.8 per oent.) and 10\'- (14 per oent.) grade conoentrates,

(344 tons of "~·J03) were shipped. the average grade of the ore treated

being 1.64 per cent. \'J03,,2, making the mine the largest prOCtucer ot

i/ -~



~1l1lDDt. V. Eardley. Tungsten in 1944, p. 2, in theCanad1a.n Mineral

Industry in 1944. Dept. of: J,:'lnes andi=l.eSQUTOeS, otta:wa. Canada, NO.

tungsten in the province dw:-lng'jrorld War II.

The lvrlter examined the property in 1939 and 1942 and in 1943

published a short report OIl it.3 He) e:J.:am.lned It in greater detail in

3
Stevenson, J .8 •• 'ltungsten deposits ot British Oolumbia. B.C. Department

,ot Mines, Bull. 10 (Revised), pp, 60-71. 194~.

1943. when the more extensive undergroWld workinGs pe.rm1tted better .
correlation of the surface and undere-.,round geology than had been possible

•
on previous examinations.

GEOLOGY

The rocks on the property inclUde hornfelaed tuff. andesite

porphyry, diorite, feldspar porphyry and grt-Ulodlorlte. The distribution

of these rocks is sho'WIl in E·lg. 3. The geologic setting or the property

1n the Hazelton area is shown on the Hazelton Sheet, .1?rellminary Map

44-24 ot the Geological Surveyor Canad'!.. On t",is map the intrusive

rocks near the Red Rose are shown. as Upper Cret,aoeous or later in age

and the nearby 1ntruded r-ocks as Upper JurassJ.c or Lower Cretaceous.

Horntelsed tUft. - The hornfelsed tUff 1s a massive, very tlne­

grained rock t.hat breaks with a sha.rp conohoidal fracture. It is dark

brovmlsh-grey in col?r t definitely brownish becauHe of an abundance of

tine blot! tee Tile rook consists of 6- to 12-inoh beds of massive" bro\\'n

turf separated by l/S- to 1/4-1noh partings of shaly, black argillaoeous

material. 1'he finely laminated beddini:'; characteristic of otherwise

(
•. J



massive tuf~, may be seen only in well-weathered material where weather­

ing haa dlf~erentla1ly etched the be~s. Because at the severe action of

snow and ice, and the frequency of rock slides, the outcrops on the

hillside near the tlOrkings are of freshly broken rock and only sliglltly

weathered. EO\'1ever, the writer did tine some material in old talus­

slides sufficiently well-weathered to bring out the finely laminated

bedding c~aracteristic of tuff.

In the absence of banding either in outcrops or underground,

the structUre of the tuff' was determined from the attitude of sha1y

partings intercalated between the more blocky tuff. In general these

"aly partings strike N.N.E. and dip 450 - 600 1..\'0.

Under the microseo~e the horntelsed tuff is seen to consist

of' unoriented flakes and clusters of biotite in a fine-grained mosaic

of quartz and wltwinned oligoclase. Smell amounts of l'l1dely scattered

sericite comprise the only alteration product. Tourmaline that is pro­

bably hydrothermal occurs in vein-like clusters of grains.

he original oharacter of tile rook nel.ir the workings has been

'entirely destroyed by rocrystallization. ~owever, about 1,500 f~et

from tne workinRs, it grades into finely laminated, argillaceous rock

that, because of the fineness and extreme angUlarity of the quartz

grains, is though to be an argillaceous tuff. The recrystallized ruck

near the workings is t)~refore reterred to 6S a hornfelsed tuff.

Andesite porphyry. - Andesite porphyry outcrops on the hill­

side northeast and southeast of the workings but it is not found under­

ound. It occurs as tabular bodies conformable with the sediments,

but because of roldln~ between diorite sills, and variatio.ls in t~,ick­

ness of the bodies, the outcrops are very irreg"lar in shape (Fig. ~).:>

- t.



Although flow st.ructures have not been identified. u. markedly por­

phyritic texture and the lack ot any lrrtrusiva features, suggest that

~

the andesite porphyry is

tuft.

flow-,rock. interbedded with the horntelsed

The andesIte porphyry Is dUI-k brO\;VI11s11-L;rey iTl color, mas:3!va

in structure and 1s strikingly porphyritic 1n texture. Under tile micro·.

scope it is seen to consist ot andesine (Aboo ) phenocrysts. measuring

1 mm. by 0.8 mm.., and a few. smaller, relict areas of lig.ht green horn­

blende phenoorysts, set ina fine-grained grou.nd-ma;:~s of andesine and

blot!te. fI'he pla.gioclase laths in the ground-mass range t~rom 0.7 :mIn.

by 0.2 mm. to 0.1 mm. to 0.03 rum.; the biotlLe 1s ot a similar size ,,-,'.nd

occurs as scs·ttered flakes or clusters that are pseudomorphlc ufter

LJorr)b~ende cyrstals. -' .. small amount ot llo,rnblende Is still present in

much ot the biotite. ;fhe accessory minerals are quartz and apatite

and the secol'~dary mlner:"J.ls, serioite and leucoxene. frhe mode of a

typical specimen of andesite p,orphyry 1s g1 ven in Table 1. column 1.

- 7 --



TABLE 1. - MODAL ANiLY., .;i OF 10CKS

1 2 3 4
peroent percent percent percent

.uartz 8 3 5.4 20

Orthoclase - - - 19

Plagioclase 46 60 74.5 47

Apatite - 0.4 - trace

Diotil;e
i

42 12 - 3

l:.orllblende 3
,

24 19.1 9

Ilmenite-MaGnetite t - 1.6 1.8 2

1. Andesite porphyry; phenocrysts 62 per cent. and ero,ndmass 38 per cent.

Z. lJlorite.

3. eldspar porphyry dyke j phenocrysts 40 per cent. tlnd

17 per cent.

4. Granodiorite.

oundmas5

lorite. - Diorite is found in tft~lurge sills, an unoer and
3£, 0 -0 - j../' ~

lower (Fig.~) which strike N 30 - 45 e and dip 500 - 600 N.W. ~.-

thou@. the upper sill outcrops over widths 'lfhlch ran~ from 300 to 500

feet, it s a true width of only about 275 teet. The narrower, 10.lor

sill, has a true vddth of about 175 teet. The upper stll is important

be~ause the tungsten ore-body has been found only in this sill and

neither in the adjacent hornfelsed tuff nor in t~e lo~er ~ill.

Th lorit.e is massive in structure, oeni e. l ... oolor

and possesses a tine, even-grained texture. ander the croscope it

is seen to oonsist of clusters of bro

J

biotite and .~een hornblende



":'>-

in a felted mass ot andesine laths. 'l'he plagioclase crystals range

in size from 0.07 mm.. by 0.3 mIll. to 0.7 mm. by 2 mm..; tIle hornblende

crystals are uniformly about 0.4 by 0.6 rrun.. and the biotlto crystals

usuall.:?' 0.1 E1F1.. by 0.05 mm. 'rile plagioclase 1s andesine of composit.1on

Ab S5• trhe hornblende has alpha index 1.644 and gamma index 1.673,

an extinction angle against Z ot 20°; and a 2 V of 72° (as measured on

a Universal Stage). It 1s therefore termed "ordinary hornblende".

The blot! t.e has 0. gamma index. 1.66'/ t

'rhe accessory mineri:l1s inolude qu.art~, apatite. zircon, sphene

and iron oxides. Zircon Is found su",:"rounded by ple~chroic halos 1n

the biotite and usually only remnants are present, but oocaslonully­

whole. perfeetly-shaped ory8 :,E.l.ls are f01Uld. :~Che secondary minerals in­

clude leucoxene. sericite and oarbonate.

rfhe modo of typical material Is shown in iI'able 1, column 2

and a chcmlcalan~,\lJ"Bls and calculated norm (~re {:1 VGn in colUl1L.'1 1 of

'rables 2 and 3. li.!neralogicully and cheILlically the rock 1s a typioal

diorite, very similar to diorites rOWldelsewhere in the western

~ · Cordillera.

Feldspar porphyry. ~. Several dIkes of' light colored feldspar

porphyry, ranging from 1 foot t;o 50 teet thick, are found both under­

ground and on the surface. The feldspar porphyry is a massive. lier1t

grey rock consisting of' feldspar phenocrysts set in ,1 mcdium-gl~:.:linedt

grey ground-mass. This rook lacks the greenish color and the even-

grained texture of the diorite and although IJOrphyritic. lacks the

contr:~sting fine-g.rained_;rOluld-mass and dark brownish-color of the

andesite porphyry.

Under the microscope the feldspar porphyry i~ seen to consist

ot feldspar phenocrysts. from 2 mm. by 1 mm. to 5 mm. by 1 mm. set in

a medium grained ground-mass of plagioclase. the gl--ain size or which

- l -



ranges from 0.1 mm. to 0.6 ram. Both the phenocryst plagioclase and

the ground-mass plagioclase are sndesi:ne of compos! tlon Ab
60

• In

addition to andesine, small amounts of <It..1.Q.rtz. green hornblende, biotite
!

with included zircon, iron oxides, spllene and leueoxene are tound in the

ground-maas. Hydrothermal apatite is f·ound as blebs and short velnlets

in the feldspar porphyry where cut by the tungsten vein. rl1J.le mode ot

typical ma.terial Is shown in 'rable 1, column ~:S.

Granodiorite... A large area of;sranodiorite is fO'Wld on the

mountain side east of the workings where it forms part o'f a larger area

that extends for about 2 miles farther east. Grnnodj.ori te 1s also tvund

north.west across A:rmagosa Greek beyond the area. mapped by theCPresent)

writer. rltle granodiori te body ea.st ot the workings appears to plunge

25° - 50° W. towards the body across Armagosa Creek, a.nd it 1s probable

that this body oonneots with that a~rOSB tU"magosa Creek at no great

depth below the Hed Rose Viork.lugs.

ffhe f~anodlol"ite is a mass!va, madlum-gra ined ro'ck, liGht grey

in colGr and speckled wit}! glistening black biotite and hornblende.

· >,Under the microscope it 1s seen to be hypld.lomorphie in texture arlIt to

consist l!1alnly of quartz. andesine (Ab6S)' orthoclase, hornblende and

biotite. Accessory miner(.11s 1.nclude a'Po.tl te._ zircon, titanite and iron

oxldes.- Jecondary constituents include leucoxene, serIcite and oar­

bonate. fl'he general graIn size ot the rock ranges from 0.5 mrn. to

1.0 mm.•

IJ.lhe mode of typical material 1s glveIl 1n '1'able 1. oolumn 4 and

a ohemical a.nalys!~ and.. calcula.ted norm are Given in column 2 ot Tubles

2 and ~~. The rock 1blOuld be called a blot! te-bearing hornblende-grano-

- /0 ,-

\",



diorite, according to JoharU1Den4 or simply u granodiorite) according to

4Johannselt. Albert, A descrlptlve petrog..l>apl1y of the igneous rocks.

Unlv. or CJ11c_~go Press, Vol. I, p. 149, 19~;2.

Llndgren5 • 1111e chemical analyses and norms of granodlori te from Gallf-

5x,lndgren, ~'., G.r'"anodiorlte and other irJ.termediate rocks. ;Utl. Jour.

So. 4tll Series, Vol. 9, p. 2 119. 1900.

torula, south-eastern l~aslcaa.nd Nevada are a.180,':'.,1 V (..Hl ill 'l.lables 2 and

3 for COfil[H:l.r 1son. slml1tLrity of the ded d.ose gra.nodiorite with

other Cordilleran granodlorites Is very striking, and ilJdicaten the

widespread occurrence of this type of rock in the western Cordillera.

ffhe similarity of' the Hed ilose granodiorite to the granodiorite (column

5. 'rable 2) associa.ted \·llth ttle contact metumorr;hie scLeelite deposits

of {,all City, Uevada 16 in support of Kerr's ooservatlon6 that grano....

°Kerr, P. F ., rrungsten mine ral1zatl on i.u the un1 ted <..:it ates. Geol. Soc.,

.Am. a f:/eln. lb. p. ~~3, 1946.

diorite and gcanlte are the t"JO types of intr 1vet, most) co.mmonly

associated with tungsten mineralization.
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·Ta.ble 2--Chem1cal analyses ot diorite and gC8Jlodlorite; Hed Rose
grtl rLodlorlte oompa.red with ,\.laska. and Ca.lifornia grano­
diorites. (Modes ot' lied dose diorite and granodloI" ita
~e.61ven in Tabl!!J~~~~~~~~~~~~~~~~~~~

1 2 3 4 5

310 53.74 64.fj8 63.85 64.87 64.182

Al203 , 17.65 15.74 15.84 16.26 17.02

1e203 0.27 1.67 1.91 I.til 0.79

]"eO 6.98 2.43 2."/5 2.89 2.43

MgO 4.69 1.97 2.07 1.72 1.69

GaO 8.18 4.48 4.76 4.72 4.32

NagO 3.69 3.73 3.29 3.62 3.87

Kt,0 1.66 2.81 3.08 3.30 2.84

H20 (-105°) 0.11 0.10 .28 0.00 0.03

H20 (+105°) 1.12 1.49 1.65 0.28 0.85

TI02 1.25 0.57 .58 O. TID 0.53

Pa0
5

0.33 0.20 .13 0.19 0.08

MIlO 0.096 0.056 .0'1 - 0.06

HaO 0.09 0.10 .06 - 0.13

CO2 - - - - 0.21

SO - - - .. 0.'13

1... Diorite, J(edi.tot'le. G.G.B. Cave. analyst.
2. Granodiorite, aed L~ose. 0.0 ...3. Cave,. anulyst.
3. Gl'anodiorite, Grttss Valley, California. W.F. Hillebrand. analyst.

Llndc~ren.,~.,. .Granodiori te and other intermediate rocks. ,d,m.
Jour. :3e., 4th ~3erlest Vol. 9, p. 273, 1900. norm as calculuted
by./ashlngtoll. 1I.S •• Chemical analyses of i"ueous rocks. U.S.G.S.,
Prof. Paper 99, p. 361, 1911'/.

4. Granodiori te, co"ce of Coast Hange Ih.itholith. J .G. Ii'u.1rchlld,
analyst. BWdinc,ton, "11.. ~'. t Coas't range in.Druslvos of soutll­
eastern luaska. Jour. ("feol., Vol. 35, p. 2.:15, 192'1.

5. Gcanodiorlte. Mill CIty, nevada. ,II'. A. Gonye~ t analyst. Kerr..
P.lt'., Tilllgsten mineralization in the United ",:>tates. Geol. dao.
j':\lD.. J Mam. 15, p. 24, 1946.
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T;~.b:J.e 3--NornlS oaloulated from analyses in ]?able 2

Normative
ygnerals l; 2, 3 4 5

Q,uartz 2.58 20.46 19.44 16.98 18.78

Orthoclase 10.01 16.68 18.35 19.46 18.68

Albite 30.92' 31.44 27. "/7 32.49 33.01

Anorthite 26.69 1'1.79 19.18 I? .:34 19.46

Dlops1de 10.95 3.15

Hypersthene 16.86 5.63 6.54 ~ 9.53 6.44

Olivine - - ... -,/ -
Titanite - - - 1.78 -
Ilmenite 2.28 1.06 1.06 - 0.91

:Magnetlte 0 • .:16 2.55 2.78 2.09 1.16

.i\:patite 0.34 O.~14 0.3'! 0.45 0.34

Column numbers reter 'to sarn.e rooks and references as in '.:..'able 2

-/3 ---



~

pessartite dike. - The youngest rock 8een 11 p spessartite ~/

d~ke, a strike N.W. and dip 650 J.W., and trom a few inches to 2 feet
/-/r;ci~r.j'roClhd

wide, that is found/towards the south-eastern end of the 200, 300 and
I

600 levels. The dike cuts across the vein at a smull an/Ue, but does

not noticeably displace it. The rock consists of/felted

bas2ltic hornblonde and andesine, with a little ohlorite

a_s of 01
and epidote •

.a.u"'... l·~.L .llllll;;;l WCUU.V,L U.U..LCW. - The 1 metamorphism by the nearby

granodiorite has produce~ miner 10.:1co.1 and textural ch es in the

intruded rocks, particularly in t hornfelsed tuff,. for a distance up

to 2,000 felt from the granodiorite.

'l'he diorite and desite porphyry contain very little prl~ry

hornble:.dej st of it has recrystallized to new hornblende or has

altered to biotite. Reorystallization of the large crystals of primury

hornblende to sm91ler crystal.s of new hornblende takes place outwards

from fraotures in the or1Rinal orystal, and eventually results in a

pseudomorph that consists of a felted s of small hornblende orys~als.

, In addition to pseudomorphic replaoement, some of the hornbleLde has

migrated in solution from the oriRinal crystal and reorysva11ized as

small crystals of hornblende either between crystals of pl oclase

or along fractures \fithin individual o~istals of pla~ioclaBv.

condary biotite efter hornblende is found in the thermally

met ,hosed rocks ere it is always inversely proportioned to the

hornblende. Some biotite has formed as ri around relict crysLals

of primary hornblende and some has formed as clusters of flakes

puoudon,orphlc after the 6=11 orystals of secondary hornule, de. Some

has mir:rated in solution from the site of the hornblende crys"uls and

-/ </



reorystallized as flakes w1de~y soattered through the rock. In this

process biotite is dispersed from the larger olusters first as trailers

of small orystals, some of whioh may r or out nearby plagioo1ase

orysta1s, nd then as widely scattered small olusters or sihg1e, un­

oriented flakes that in plaoes impart a deoussate texture to the rock.

In the hornfe1sed tvfr the original felsio and terromagnesian

mosaic oy quartz, untwinned p1agio-minerals have recrystallized to

olase and biotite flakes.

The hornfels texture which is so marked in the horntelsed

turt and is spottily developed in other rocks older than the grano-•.
t

diorite, suggests recrystallization at elevated temperatures in a

stress-free environment. This metamorphism appears to have been

oaused by the heat of the granodiorite intrusion.

Structure. - The hornt'elsed tuff, andesite porphyry and

diorite sills strike N.E. and in general dip N.W. However, this simple

struoturo is complioated by a drag-fold in the andesite porphyry and

hornfe1sed tUft between the two diorite sills. This is Sho\fil in the

structure section along the line A-A' in Fig. 5/c/ II H~.

SCHEELITE

ot tt.e

r

neral is scheelite, found in a vein

strike 11. 30° W. and dip 600 S.W. The

The main tungsten

that occupies a Shear-zone,
~~~

scheelite orC-bou~extendS for about 500 feet along the strike

vein and is kno~m to extend for 580 feet down the dip, but the 10
/

limit of the ore has not been reached by the present workinr,s. ,1 new

low-level cross-cut, the 800 oross-cut, was being driven in ~ueust 1942,
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160 teel, below the lowest drift. to give ap:.1roximately 190 feet more

depth on the vein, but the rEH3ults of this v{ork are not knOVltl to the

writer.

Form,!... fl1he scheelite vein 1s markedly lenticular, widening

from a tew inches to several teet in less tha.n 25 feet of drift-length.

,Although a maximum width of 16 t,et has been noted, a range from 3

teet to 6 teet 1s more common.

Texture.-, The vein Is luasslve and lacks banding or ol"ustl­

flcatlon. In places it has a slig,lltly sohistose pp.earence caused by

unr~jplaced vllspsof blot.ite that folloW the pla,ne of the vein. 30me

of the vein-matter consists of a ooarse-grained intergrowth of minerals

that, because of the development of large cl"ystals, results in a pcg­

matitic texture. '1'he pegmBtitic material is :Cound as small lenses,

up to 3 teet long b 2 teet thick on the walls of, alld within the vein.

The contacts bet,veen the pegmatitic material nd the vmll-rock are

gradational and lrreg:lla.r, typical of replacement. frhe pegmatltic

· "material seeps into the blotlzed wall-rock and first isolates small

slabs ot wall-rock and then finally replaoes them completely.

Besides pe~.smatitic material muohot the vein oonsists ot

tine-grained, sugary quartz,. from 0.03 nun. to 0.3 mm.. in €,"~aln size t

that has replaced !uuch of the earlier, pegme.titic vein-matter and nearlY

all the other vein-minerals.

:Mineralogy;_ - The ore-minerals' include acheellte";.nd fcrberlte

8..t."1d tile gan.gue minerals include in order of D.bundanoe: quartz. ortho­

olase. plagioclase, apatite. )lotlte .• hornblende, chlorite, ankerltio

carborLite, chalcopyrite and molybdenite.
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cheelite is the main ore-mineral. It occurs as well-

shaped crystals IIp to t inch by 1 inch, in the spaces betwoen tlle

ends of quartz crystals in pegmatitic quartz and as smaller remn'ants

of partly repl c· d crystals in orthoclase and the fir.e-grained quartz,

(Fics. 6, 7 and 8). It is t~erefore later than the pe .titic quartz

and earlier than t~e fine-gr~~~ed quartz. In thin-section the schee­

lite is Been to contain unreplace~ patches of t~rberite and is there­
//7 /7"7Qif" d~'p0"" /t,s

fore l.0unger. Sqheelite is usually older tnan any associated terber-
tn r: <.. I?~/R~J' '*'-,...,., ;.1 )I.v ",.. d"~

ite, but/Twet07 bas also' described Bcheelite that. in younger t~an

7Tweto, 0., Scheelite in the

42, p. 49, 1947.

terberite.

ulder district, Colorado. con. Geol.

Ferbcrite is not abUlldant' mineral in the vein and most

of that seen was with pegmatitic quertz. So ot it is well-crystallized,

in crystals up to i inch by i inch, but much of it is mOulded around

the ends of quartz crystals and wedged between quartz and scheelite.

Some occurs &6 remnant islands in scheelite crystlils. he ferberite

is therefore younger than the pe titic quartz but older than the

sc..eelite. Chemically, th'c terberite is very low in manganese, an\ /

analysis of typical material yielding only 0.2 per cant ~nganese•

•uartz in the pegmatitic lenses ocours as large, ter-clear.

crystals up to 2 inches in length, surrounded by minerals of later

formation. The fine-grained, sugary quartz 1s massive, without crystal

outlines, and in t~in-section is seen to consist of anhedral .xalns

filling the interstic~B between earlier formed minerals. One quarter­

inch stringers of quartz cut the two main types or vein-quartz and

probably formed during the latest stage of

_/7
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The feldspars include abundant orthoclase and some ollgo­

·clase. The orthoclase is very ooarse-urained and orystals up to
\
i inch by 1 inch are common. It contains fine stringers and blebs

of albite and is therefore perthite. It is later than the crystalline

quartz as some of it is moulded around the ends of quartz crystals,

but it is earlier than the fine-g~ained quartz, as it is cut by hair­

like stringers of fine-grained quartz (Fig. 9) and ocours as unre­

placed islands in the quartz. The orthoclase is also cut by stringers

of biotite, and in places, large crystals of it are embayed and surrounded

by a felted mass of biotite tlakes (Fig. 10). OliBo~l~se ocours with

orthoolase, but it is much riner-grained, the crystals being rarely

more than 1/16 inoh in size. Indices indicate a composition between

Ab80 and AbS5. The age relations of the plagioclase to the ortho-

clase are unknown.

Apatite occurs in small clusters of grai~s commonly asaocinted

with scheelite. It is veined by and therefore earlier than the fine­

grained quartz (Fig. 11) and also appears to be earlier than the feld­

spars.

Biotite is tound as thiok patohes of fine, black flakes

wrapping around and embaying orystals of earlier tormed minerals

(Fi~:s. 9 and 12). It is comnonly Been as unreplaced wisps in tine-grained

quartz. The wisps of biot-ite are parallel to tile plane of the vein

and where abundant, they impart a scllistose texture to the vein-matter.

Some of tue biotIte may be an alteration product trom hornblende but

nere very abundant and in parts of the vein entirely free from horn­

blende it has probably formcd by tUrcct precipitation from vein-solutions.

The veill-hornblende ocours in patches of euhedral oyrstals,

som6 113 lar~e as t inch by 1 inch. The indices of the hornblellde are,

0\ =1.644 and 0 • 1.673, and the extillotion angle is 20 degrees; and,
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although hydrothermal, it is optically and therefore probably chemically

s1m1lar to the m

porphyry.

tic hornblende round in the orite end andesite

settes d irregul clusters of chlorite, showing anomalous

,A ....""! interference colors, ~l seen in a tew sectio of the vein-minerals.

The chlorite did not re~lace hornblende and biotite and appears to huve

been precipitated c;,uorito directly trom the vein-solutions.

Ankeritic carbonate in s 1 ounts 0 curs as veinlets

cutting .y of the vein-minerals.

Sulphides are rare in the ore. Sllort stringers of ohaleopy-

rite follow the cleavages of 80 of the hornblende crystals and

scattered clusters of ina are found elsewhere in the sume crystals,

Similar Btrin~~erB are found occasionally in the orthoclase orystals.

Larger blebs of chalcopyrite up to 1 inoh in diameter have been fo~d

in the vuggy quartz. L~lybdeniGe is preaent but very soarce; it occurs

as thin stringers in the quartz.

The p genesis of the minerals in tho schtelite ore-body is;

'pegmi.ltitic quartz, hornblende,' feroerite, sOlleelite, upatite, perthite,

oligoclase, biotite, chlorite, anker1tic carbonate and fi_e-'..L'alued

quartz. he position of the small amount of.chalcopyrite and molyb-

denite in the mineral sequence is uncertain.

Sulphides, rare in the or'7are found in veins up to 6 inches ,/

t,ick elsewhere alonR the vein-shear lald in branch veins. These veins

consist of cobaltian arsenopyrite, pyrr~otite, wnd chalcopyrit~ in ~

gangue of quartz or occasionally of quartz dth tourmalf1e, but never..-if

with any schcelite. The cobaltian arsenopyrite cO~Gains about 4 per

ce,.t. c<?balt. The sulphide veins have not been found cuttinp; the main

scteeli~e vein and are thought to be earlier than the sch~elite vein.

It
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Oxidation. - Oxidation ot the vein-minerals has not been

pronounced. In the vein-outcrop a SDIHll amowlt of the scll<.:::elite has

altered .to a canary-yellow oxidation-product, probably tungstite, which

ocours as a dust-film coating quartz crystals, and where protected

trom surface erosion, occur·s as small, 0.5 rom. tabular cryst&ls.

The tot~l amOlHlt ot tungsti te present 1s very srnall, proba.bly because

moat of it has been carried away by the violent rains. SIlOW and lee

characteristic of the rnountain slopes a.t the attitude of tIle vein­

outcrops. Ferberite from tIle surface 1s alvJays oxidized to eart~J.Y'"

limonitic masses that frequently possess a oellular or lattice-work

texttu-e. It is apparent that the tllllgsten of the ferberlte was

carried away by the ground water and the iron left as limonitic

material with a lattice-work texture. Underground, oxiC/.etlon has

ocourred only where chalcopyrite is found. Limonite replaces c,L.al­

co'pyri te and any nearby lron-:,)earilig vein-m.1s1erals such as biot!te

. and ankeritic carbonate. Very little oxidatlo:n occurred rllore than

300 teet below the s urfa.ce.

- ~.' (;;)



,lALL-HOCK ALTER.i~rr ION

Metasomatic aotion by vein-solutlonson the ad,]aeent wall-rock

has been intense in all the rocl( types exoept the rather refraetJory

hornfels. Blotlzatlon, sericitization and silioification have been

thedomlnant ty'pes of wall-rock alteration.

At several plaoes along the vein, biotizjatlon of the diorlte./QJJ

the principal wall-rook of the scheelite ore-body, has been oomplete

tor widthso.p to one foot from the vein. rI1lle olotlzed rock: consists

of a ma.ss of coarse biotite orystals arranged with a. flow-like orientation

developed under the influence of stresses present near the vein-shear.

Some biotite has migrated from the vein along jointG i the dIorite

for several te:n~3 of feet frOIU the vein-shear and is fOUlld in sharp­

edged velnlets 1/16 in. to i in. thick in the diorite. lIlhe amount of

biotite in tIle completely blotized' diorite and even 1n the dlorl'te cut

by biot!te veinlets is i'ar in excess Of'tllC aroourrt that v{ould form by

the alteration of the rook-hornblende during thermal metamorphism or
the dloclte. It is therefore most prohable that much of t~he bloti te

has been corltrit'J.ted by veIn-solutions a.nd its torJi'.atiCdJ is tLe result

or wall-rock alteration by these solutions. In many places" the dlo:.clte

Is cut by velnle'ts of grf.3en hornblende l also COJl't:ributed by ve in-

solutions from the main vein-£,:;hear t \1nd tJ.ierE~fore hydrotherff.lal.

Sericitization by vein-solutions has been stronc for 2ibout

50 teet from tll.e vein-shear, but beyond this distance, its effect;3 have

been very v1eak. Irhe plfif~loclase in roe rieur tL.b sL6ttr has been

cor;,pletely alter,d to closely-packed s(~rlclt,e that forras blmdles

pseudomorph1c a.fter plagioclase crystals, whereas plagioclase in the

same rocks at some distanoe from the fL~ear is ent irely free from sericite.

J ,"--
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SilicificatIon ot the wall-rock 1s found at several places

along the vein.. dhere intense it has produced a rook that consists

of a mosaic ot unstrained, anhedral Q.uartz gra.ins, which. with biotite,

produces a typioal hornfels texture. frhls silicified rook differs

trom the horntelsed tUff. which is not visibly affected by silicifioation,

only in having a. larger f~a1n size. Where silicifioation has been

slight, it has added only a fe'\~l vlldely scattered.. anhedral grains of

quartz to the rocks.

Small. blebs and short gashes of' hydrotherr:al apati te are

fO':.h'1d in the diorite near the ve in. Thl s apati to is in additIon to

the magm~ltic apatite oommon as small grains throughout the diorite.

The horntelsed tuff 18 the only rock in which marked tex-

tural and mineralogical changes have not been brought about by the

vein-solutions. However. ohemical analyses (Table 4) show a marked

increase in the soda oontent of hornfelSHd tut"r as the vein is approached.

Analyses of argillaceous tuff' 500 feet from the vein-shear showed a

soda oontent ot 2.35 :,)or cent. horntelsed tuff 150 te,:t from the vein

· -,showed a soda content Of 4.3 per oent 'whereas artalyses of material

adjacent to the vein sllowed a soda content of ? 34 per cent. iU3 blebs

or velnlets of' albite are not apparent in either hand speoimens or

thin-sections ot the high-sod's rOCk, the inorease in soda-content

as the vein is reached must be attributed, to GJl increase in tile content

ot albite molecule of the oligoclase of the hornfelsed ttl!·!. Analyses

of hornfelsed tuff at the conCclct ot the grenodiorite, do not show

any increa~3e in. soda und it 1s most probable that the albitlzatlon

described above Is a hydrothermal alter,~tlon directly reltlted to vein

solutions.

."., ;1;;



TABLE 4. - PiUlTI~::~ )J:~A.LY8ES OH r~'U.f.'F tIO -)110/,'
ALBITI i,:.A.eI ON BY ·vED·J·dOLOTI l)1iS

G.O.B. Cave. i\nalyst

1 2 3 4

S10. 61.0 58.9 .60.0 57.6

cao 1.3 2,9 2.3 3.4

K20 3.81 4.30 2.99 2.1

Na20 2.35 4.30 7.34 3.68

1. ~U'g111aceou.s tuft, 500 teet from vein-shear.

2. l.lornf'elsed tu.ff, 150 feet tromveln-shear.

~. Hornte1sed tUff., adjacent to vein-shea.r.

4. Hornf'elsed tUft at imrnediate oontact \~/lt.h granodiorite.

s'rHUCTUHAL ANALY-.;I,-~ o:r.;' VEIN-SHE~:\.H
,,"',.'\

:,.L\LI..1 ",ihEAHS

Dlreotloil of, movement along the vein-shear. - Irhe scheellte

· • ore-oody occupies&. shea.r t at strikes n. 300 .i. and. dips 60° s.W.

The shear 1s a. normal tl au.1t in which the ll:..:.nging-wall has moved down

50 feet and about 150 feet southea.sterly with respect to the footwall.

The amount and direotl.on of movement were determined by offsets of

rock-oontaots and by the direction of fluting or t.Tooves in the vein..

quartz. Well-defined L:;rooves are very notioeable in an outcrop of

vein-quartz above the 200 level. where the r;rooves are seen to pitoh

to the south at an angle af 35 degrees from tIle hori zontal.

['jranell shears, - Several breaks J some mineralized an.d some

unminerallzed, branch tI'om the vein-shear, sorne into the hanging and
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some into the footwall. On the 600 level, two breaks in the foot­

wall strike southerly, and dip 680 W. toward the footwall. These con-

tain quartz. pyrrhotite and cobaltian arsenopyrite. shear in e

ha.lginr.;-t7all outcrops 500 feet e._st of the ore-body, strikes II. 100

E. and dip 450 N.W. touards the hang -wall. On the 300 and 600

levels a strong. and unminerulized shear in the hanging-wall strike

N. 60 fl. and dips 550 S.\1. towards ~he hanging-VIall. These breaks are

/ shown in Fig. in a cross-section perpendicular to their common line

•

of intersection.

Fracture-pattern. - The elements of the fracture-pattern

include t'.e vei .-shear, the branch shears from it, and the plan): of Ie
S?/v;.n /

potential tension openings w1thi~ the vein-shear as ~vn by a plane ~

perpendicUlar to the relative direction of movement of the v~in-walls.

The line of intersection of the vein-shear, branch-shears

and plane of potential tension openings within the vein plunges about

45° I.W. For the sake of simplicity, the precise direction ot plun0e,

N. 650 :1. at 450
, of the vein-ahear and potential tension o;eniIlgl7is /;J

. uscd in the following discussion. A planeyorpendicular to tnls line

strikes N. 65° E. and dips 45° S.E. Because of the. several orientations

of these different planes, they c...,. only be represented in true crOS6­

section on a plane perpendicular to their co~o~ lino. ot intersection.

~ This has been done in ~ig.

by

stress-diagram similar to that constructed
£

but based on the fracture-pattern of Fig.j6 has been

.~., Structural control of ore deposition in fissure vei •

•~. T.P. 1267, 23 pp •• 1941.
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./ drawn in the lo'wer r1ght-l1and corner of li'ig. p. In this type of diagram

the traces of the four planes 01' maximum stress "on the plane of the

paper are as a figure re.f.;embling a cross superirilposed on an X, the

plane of maximum normal stress being indicated by the tail of an arrow

without im!)llcatlon as to whether it represents maximum tension or

compression. ft9 It is impossible to assign directions to the externcl

\)
O~., 01t. PJ2. 3-4.

force beoause anyone of the four possible types of external torce,

confpresslon, tension, and two directions of shear-couples, will pro­

duce identical orientation of the resultant planes of maximum stress
10(McKinstry, Fig. 2).

lOOp. cit. p. 3~

The diagram indicates that durIng tLe str!).ctural history of

,/ / the vein tl:\C SH61lrS tInt 1'ormeyollowed only one or direction of

s11earing, t.ilC direction followed. b2l tho vein-shear and its branch-

shears. (rile directions followed by the pyrrhotite-arsenol')yrlte and the

. a.rsenopyrl te veins do not correspond exactly to the direction of the

vein-shear but th(:; deviations may be because they are wholly 1n horn­

ralsed tuff beyoEd the uniform diorite. It is possible that in pa~;.slnG

from diorite to hornfelsed tuff the stress conditlc}ris changed SUfficiently

to account tor tile deviation trom the theoretical direction as defined

by the main vein-shear. No reason is evident for tIle dev'iatlon of

the llnlninera.lized si.:.car.

Although no tension-breaks parallelin!:'; the directlon ot

maximum compression. have been t"ormed, they are implied, or pO'centlal,

in a plane pE;rpendicul~.u· to the relative direction of movement of

the vein-walls, and their direction 1s ShO\tlIl as a dashed line in the

'- ~ ~



/ fracture-pattern of Fig. ,:-

LOCALIZATIOl;j OF ORE

Looalization of the ore-body by diorite sill. - Although

the vein-shear cut,s several rock types, the scheel! te ore-body 1s

toup.d only whore the she ar cuts the t\p.')er d!ori te sIll (Fig. \) . Ij,lhe~

qua.rtz vein· is con.tinuQl1s ~lhere the shear is in dlorl te, but losc~8

its continul't./ \vhere tne sllear leaves the dlar! te tor horni'elsed tuft

or a:ndesite porphj.Ty, and quartz occurs in the vein-shear only as

a tew, thick, disoonnected lenses entirely lacking 10. scheellte.

Sulphide veins, not found V/ith the S cI1t:.;;elite ore-bod:,?, are corr.iD1on in

the vein-shear where it is not in dio:eite. but they lack SOll elite.

The vein-shear is decidedly weaker outside the diorite.

In the l1orntel.sed tuff the break is less clean-cut and consists of only

a few narrow shears that die out and come in alan;, the general pl:>l.ue

or the breah:. AltllouC\l the veln-sheal~ does not perceptibly change in

dip and strikJ in going from one rook to another. 't,he evia.tion in

· 'attitude though small, m'!.:!.:./, hi.i.ve been sufficient to permitl the forn1i:itlonlt

of openings alone'; the veln-;;hear during pre-vein movemen ts, openlntjs

sUfficient "to receive the large amount of vein-matter that accompanied

and ',}a~) piJrt of the sct~eel1te mineralization.

Localization of hin;h-grade orc-.:;hoots. - two high-l:;rade

ore-shoots separa.ted by a lean section are found in the vein. il'he

lean section is 50 'to 80 feet long 2nd exteLds f'rom near tIl.e surface

to tLe lo'Zvest drIft as of tn.a St.1II11tler of 1942. In general, the pitch

of tIle ore-shoots 113 to the nortlrwest althotlgil for a short distance above

and below: ·tiLe 500-foot level it 1s v(;~rtlc':i.l.

_. .; C r



This northwesterly pitOh of the high-grade shoots Is also

the pitell of the pot.ential 'tension openings 'within, tile vein as seen
~

in the fracture pattern a:nd stress diagram of Fig.'. Although no ~

actual tension breaks have formedtzones of tell.sion pitching north­

westerly in the pla.ne of tl10 vein-shear may ha.ve developed sUfficiently

to per:<lt looalization of higl1-,,;radeore within them.

Orl§1n

Source of vein-solutiollS. - A large area of granotiiorlte

11es only a tew hundred east of the scheel1te ore-boClY (Fig. j) and -:3/

another large area 11es several hundred feet northwest of the ore-body.

The contact of the ea,2'terly mass dips wee.tvJord tmder the sCi"celite

outorop tOWB.l-ds the northwest area and it is probable that the two

masses connect at no (~:reat depth bene_;th the vein-outcrop. The plane ot

the vein-shear approximately para.llels the soutilwestern slopes of tHis

body of granodiorite and it is therefore unlikely "that the vein-solLltions

came immedia.tely from tll.e gr'anodiorite. however, as ·the ve:Ln Is elOBe

· 'to the granodiorl te, and as the minerbls :.:l.re defini tely of a higL tem-

perature assemblage of minerals, it 1s likely that the source was in

the same P1ag',Ina chamber from whioh the granocliorl te differentiated·~

/ -whioh preaably lay e19i?9 tQ the 'J.9ilh i\. similarity in optical p+,operties

and therefore in chemical oomposi tlon of the 110rnl)lende found in the

vein ari_d the ho:rnblend~ibund in the diorite su.ggests that tile diorite

may also have oome from tLe same magma-cham.ber as tlle vein-solutions an,d

the granodiorite.

:Nature at vein-solutions. .. rrhe nature of the vein-solutions

is indicated by the \'~·all-rock al terat:,ion, mineralogy of tIle voin and

- ,;; ? _.



paragenesis of the vein-minerals. lrhe d.iorite wall-rock next to the

vein has been silicified and biotlzed and the plagioclase largely

serlcltized. The sericitization of the diorite plagioolase shows that

by the time the solutions reached the d.iorite in their passage upwards

from the source-magma, they Vlere alkallneU rather than acid. Develop-

ULlndtiren, ,laIde¥F, Mineral Deposits. McGraw liili. p. 457. 19:33.

ment work on the vein was not deep enough to determine whether an ar­

g111ized zono 'of altbration, such as de~eribed by Lover1ng12, lay be-

l2x.overlng, T.S •• ,fl'W1gsten deposits ot B')ulder Count:y-. Colorado. Econ.

Geol •• 36, p. 236, 1941.

neath the sericlt1c zone ot alteration and thert:fol"'eto determine whether

the solutions ohanged from acid to alkaline on their way up from the

source magma or whEJther, as suggested by rI1weto13 in oonnection with

13rweto, Ogden, Ok. cit, P, 53!

soheellte in Golorado. the solutions were alallne when they left the

magma, the ChaIl{je f'rom acid to alkaline having taken ilace before the

solutions left the maf:'7fiC..

Loverlngl4 notes, that a strong base such as ca.lcium, Is

14Lover1ng, T.S•• Tungsten deposits of Boulder County', Colorado. Econ.

Gaol •• 36. np.269-271, 19U.

neoessary tor the pre91pltat1on of scheellte from an alkaline solution.

The silicification and sericitization of the diorite, a high-calcium

rock (8.18~ oa.lcluUl oxide, see Table 2, column 1) and the early de-

position of scheelite and closely related apatite, suggest that the

necessary calcium, was obtai.n.ed by reaction of' tile vein-solutions with

-__ ,} J



the diorIte wall-rock. The later plagioclase in the ore-body may

repre~;;ent the preclpltatlonof exeeos calcium obtained in this manner.

The paucity of calcium 1n the horn.f'els (1.3 to 2.3 per eent.calcimQ

oxide, see Table 4, columns 1 to 3) and therefore the absence of a

precipitating agent for the scheelite, apatite and plagioclase may

be the chemical factor contributing to the total absenoe of those

minerals In vein-quartz where the vein-shear cuts horntelsed tuff.

- ,} y--
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- / SPEOIl'R9'-1HgMIOAL ANALYSEI,<'Or MtUERALa AND ROCKS

!h. \UDg.'.n .e10 OQl~. I.y.ral mineral. ,hat

-- / aret.d al•••• ro'lt+torm1D&1l1n."1 •• AD • .".lalll gOOd

opportW'l1'tt1 theretore 8x1ne4 , ••'W.4,' 'he TN-iat.In. of mll1ol'

ele.I." 1a , .. I,roap• • t mIneral. 'lA" or1&lut.ed from \b­

.... M&gIIIa bu.t wh10h .eparat..4dltI1.DtC41tt....n' .Us" 1D U.

dittere.'i.\lcm .f 'he mapa,. "h' rook .'Utral. "I'll, darlll1

'he mapa\lo .t.as-, and 'he ·".in miDeN1. lat.er,d&lJ'1ns 'he

hldrot.h8N&1 "asl. Ip.a'ro-ohl.lcal anall'" were Bla4..t

.....tIlll, oleuea ••pl•• of hornbleJIdl, bl"l"", plagioolase,

aDd ."hocla",one group .t mineral. 11'•• '1'1• .,.eln and Oil.

gro\l, tl'OJD \h. D•••b, P'&Dodlorl"~I anall.' I ••re all••ade

.t .olframS.'., loh••llt.. and quar'. fro. th. vein. The ~'4'ro­

oll..leal &11&1,., ot m1Deral. are given 1n Tabl, 5•

.,.otro-Clbemloal al1&11'" ...St. alao made .t 28

...pl•• otr••k (I•• fabl•• 6-8) , ••\tl41 'he varla\loD of 'he

min•••1....'. In 'he dlfterlnt. ~7P.' of wall-rook., and, al

1l0'\ID6.'.Jl' m1l1tral a bad beell found b7 .ega.oops.o or mloN­

.op1. .\udl1D \11. wall-rook." ,. d."NiDI whether or DO"

.1..111\al '\U16.'tl1 had ,*,OIl.;~""PP'd a. a minor el...I1\ 111

'he 01'1.\al1&"108. or mln8ra1., elt.her hrdrot,hermal or mas­

ma'10, s.n t.he wall-roflk.. H....y.r. no \ung.'.n WAI tOU.Dd in

any ot 'at wall-rook lample. wl\h1n 'ht limit. ot tPectro-ohem­

leal deteo\loB by the ••thod a.ed, .0 \hat. not mort ,han 0.02 ~

\\Ul6.".n Gould be pre,8nt. ..



tha di.irlbu\1on .f minOr element••1 SlveD in.
'fable. 5--8 as"". in 681181'&1 wlih ibat, ,. be expeo,.a from 'he

lIS"'
ear17 ""cll.. .f aold.ohm14' , who oon.laded ,hat. 'he dl.,\rlb\l-

::> .,

Ib GoldlObI114\. V.JI.. the pr1no1p1ea of dht1'lbl.\UOD.. ot 011..10al
el n'. lD mlntra1•• Jour. Cha. "0., LODdon,

.............................1.......6..· i. RPt6§O:G§a·.2~Zl

t,le. ot alnor .1e.II1'. 1D rook, and mlneral. 11 ma1nl, 'he n-

.UJ.\ of laomol'phou.. replaoe.e.' of ••Jor elemet.. by mlnor el­

"'D" wlUl 018.el1 .1JIlUar lonlc radii and 'he eam. or larg••

loni0 oharge. or yalenoe.

Tht varla\loDot \he minor 'lemen', in 'ht matlo

and tel,io m1ner-l., aDd 1D \AI ditteren' type. of lIneou.rook•

• ere 81al1&1' 111 kind \0 'hOI' found by Bra/
6

, in hi. ."udle.

J(. Br&1. J .M,., ap••\ro8coplo dl.t.rlbUt,lon of minor element.. in 11­
n.ou, "ok, t ... J...., .... 00101'&40. Stall. G801. SOo....,
Vol. 5J, pp. 765-814, 1942.

/7
----.-••--- Dl.\rlbu\lon of minor ohem1oal el'meD" 111 Ter"l&17

dike rock. of t.he 'ren' Kans-, 0010ra40. Am. MiD•• Vol.' 21,·
IPs .iI-~!O· ~2~2. •

I 'iT
.t lpeou. rook. 1n 0010ra40, 04 '0 'ho•• fOUDd by Sh1mer lD h1.

J ~Sb.1mtl'. J.A. t apeo'J'OSI'&pb.1o anall.1. of Ne" EnglUld grani'••
~~1\.'.Bllll. Ge.l. SO.. Am•• Vol. 54. PP. 10.\9-

L .'_ I.' • I

.\.47 of ••• 1Dg1and granlt•• and pegmatite••

The .p.otl'O-chemloal anall ••,were mad- bl \h. Ohief

An&l1.' ot "t.he Depart-.eD' of Mine. OIl an A.R.L. Dieter' ap••'ro­

~ ,raph ~alns an &lum1n1atd ~1ns w1\h a dlaper.loD 1n \he fir'"

ON-ret ""'8J'l .IDs.trlme pel' a., .nil 'he \11\ra·,,101., ap80\,.



I

••1" obt.&lDed. • ..p...P...... 61'&41 sraphlte 81eo'rode., on..-

qu.rt..l" bfJh d1alll.'.I". on •••4. oP.nUns on/10 amp....... 220 :::1
yo1ft dlreatr-O\lJlNIl' loune. k.1l an&17.1.... run 1n dllpl1aa'.

&114 a ..,1"&.\017 ch.olt ob'.1Ded. The r ••ult.. are 61"'•• 1D

tabl•• 5-8, aDd t.he tlsvt to. eaob ,limen' ,. \he &...8"S. of

'he \wo oheok,.

The t1gure8 tor 'he lPeatro-ohemloal anall.'. are

.etl:l~uan'lt.a'l1". The relat.lve ooncent,rat.s.on. of &Ill em' el­

..en' .... expre•••4 Dumerioal11 by f1gure. whloh are approxl­

••,.11 proponlonal \. "he lP.o,ral 11118 den.it.l,., whioh in

'un are t\tno\loll. ot the ••\&1 p emf.. A plus .lp (+) at'••

• t1&"'. 1n \he 'able. indioa' lPectral line den.S." \ha'

.ar b' aDI "'lu.I abo.1 t.ha\ t1gure. 'lb, t16ure. ]1&1 be tI.ed

In oomparlns the conoentraftlon of • 81ngle element wi mq no'

be .,.d ill oomparlng \he oonoen\....\1oD. of \he C1tt,ren' .1.­

mtll'. with eaoh o'her.

MXNBRAL8

Q.';SI d'\'9ld.t.- the maol' .lem.n\ oont..nt of 'he

min.rall 1. elven in !able S. !he tollowing elements, both mi-

nor aDd '.'8Il\lal, w.re d.'.ot.d in one or more sample•• Nat K,

MS, Oa, ar, Ba, :s, Al, 80, yt.. La, Xb, 81, 1'1, zr. an, Fb, Ga.

V. zn, Cr, 'I, Ou, As. MD,' Nl,. 00, Fe. Tabl. 5 do•• no' lnolude

Ra, K, )16, ca, Al. 81, and r., beea••• the•• e1em.nt. are ma­

Jor oOD.\l\u.n\. of 'h. hornblende.. blotl\•• and t.ldepara.

and are not found 1n 'he 'URi.'" m1neral., and th.refore w.r.

ot no .al~. 1n oompa...t,lv. .tudl,.. !h. other .l.ment. 4".0,.4
••r. .1.4 in comparlaon **-4*...



2'Um1tD etJl.llta\ .-a..... In aomparln& \he

"arlat.1011 lD \o\al number ot miDol' el.eDt, 1~ m&J b..... trea

Table 5 ,:bat. "he' hornblende. aDd blo\l'e. oont..1n 10m. of &11

'he 19 alaor elea.'. li.t.tdb tahe "able, whereat the teld·lPar8

u4 t.l1. '\In6"'D mineral••ont.a1n on17 12 or 1e•• 01 \h... 19

mlDor .lemen',. III explana\lon of & YU'1a\lon in DUmber of mlDor

flemen'., B~ha' lhoWll thai blotlt,. and hornblende p....t,
J..9 ...i_.itl.AI D~. Gt9J., ate, .~t.....Iii.......l...8...a.....,_ ...... _...--

I&lblt.lt\l\lQD tor a gr.a'... nWlbe,. of major elemen". ,han t,he

teldapar., aDd _., 'heretore oon\alD a gr••".r number of IIlnor

el..e.\••

!bere do•• not .... '0 be &n1 correlation b~twe..

"he amoa' Nt 'YU'let.y o. miDor elem8Jltt. 1ft \he mineral. of Table
20

S &114 'be paoklna 1Jldex of 'he m1neral,. All the mineral. 1Il

.... ..

~

.2-~..~.~1#cif.•.~~lii6..,.;!mu.N'&1'. Bull. GeOl •. SOOt Am ••
" .• I . . . . ,f ,!S R .. 3Q5:'~I~· ,i"" I .,

. 4_" 2.../thi. ~&ble have. rela1.1:,elj· h1gh pa"k~ :&.n~Jx. and oompar.4

..
2.J
~. H,'•• ladll" DR' ~~..1..-......~.19111:ool''' _

\0 minerals wl\h a mu.ch low paoking index, would trend \0 be

rela\lyel, tree from minor 81em'D'.. but oompared to eaoh .\her.

t.he 'YarlatloJl 111 index ••, D" 'be 8\lttlo1en' \0 aooou.n\ tor 'he

"'ar1.'10n 1n minor ellm.\ oOD'en'.



In comparlns 'he kill". of _;lnol' .lemen'. toad

18 'h. dltterent, m1Deral. 1\ '111&1 be "'D trom !able 5 'ha~

I the hornblende, and blo'li•• &1" hJ&-. U 'Ill mlnor elemeDt, of '
2'2-

rela'lve1J pall 101110 rad11. lUoh .. "+(0.151) 1 NI8 +(0.781) 1

............
22 va+(O.75J). lonlo oharS' &114 lonlorl41ta. NIP.ail"'lJ tor v~

&41_. 4&\. fr.. I)'okott, a.w•• tht.\nc\url of orl.\&1••
aelDho141 pp. 192-1". 19'11 an4 8\U1.el1. 0•••• Orl.t.a1

...........IUW.\I7.lIaGr',.Ul•• a II' 41Z-Ui_dUI...........--.----
/ 0.-i(0.821>1 Zna.(O.a,llt 103+(0.8'&), Zl". (0.871). 1ln-.(0.911).

~"I 'lImen'.. b...... Or 'he .... or lars8r 10n10 oharS' and
.1mUal' 10n10 rad11, Oall prox1 tor "he major ,lem.n'. '.:5+(0.'71)1

)168 .(0.781) aDd r'·~+(O.8'1). ae t.ldepar. and loh.ell". art

l&okll1l or 18. lJl minor .le.ln'. ot _all ionia radii b......

\h.. major .llmen'. ot t,he,. mln.ra1., 1&1+(0.981) I 0.8 .(1.06)

and It 1+(1.,,1) haTe 1'11&\1,..11 l&rs' 10n10 radi1 aDd ar. 'h'~

to" replaoeabl. only bl \h. minor .lemen'. Qt lars' tenia radi1,

.ok a...8+(1.271) and B.·.(1.4:51). re..bel'S.'. 1. ,..1.'1"e17

low lD .1DOI' .lem.nt.. alt,ho\l6h 1\' '" major oonatr1\u,,',

r.'+( 0.8'1) and WCS+( 0.65&) po..... .au i.onio radii, bu\ 'hi•

• ., 1M 4•• \0 \be ...1.\1",17 h1sh 10nl0 chari',. 6+, .t 'v.asa\eza.

lad \h••on••q••nt 1'••1.t,anol ,. repla.".D\ ott.r.d'" ft,uDgAeb
, z3

,. minor .1em..' ••f 10w.r lonlo oharse'· •

. f. ~ . ,.,''(
~I lei., 0. 1&...'~.·....".il...I_§u§_4....1 .__........_-

gfID;V&'tp 9~D!ral.li~h rog~"mUJ.rt1k~

The ...1111-m.81'&1. hav' a. sr,.t a varlet, ot min•• el.ldB'. a.
-ten

'he rook-mlneral.. bu\ thtl haye a 1••••1' amount of eaoh of ~

e18.,m•• SO, Zr, sr. Fb. Ga. zn. Or, .As. MD, and Nl. Uld a 1.......



amount. ot only .lx element..... 'It. La. fl,V. and Ni. 'l'hl. In­

d1oate. a grea'•• purl', tor 'he vein-mineral. 1n p••pee' of

amotlDt. ot mlnor element•• In .xplan.~lon ot 'bil Bral2..~.PO".

Z!a~.id•• §I&l. G!ll~,~ft~··~9~.~~~··~,~,~p~*_7~§~~~.~~~~~~~~_

Buerg•• a••qg••t.1D6 tha\ in .1nenl. whioh are genet-loall, re-

lated '0 'he .... parent. ••ur08, \hemlneral. formed at higher

'emper.tu.r••, Mob.a rook mineral.,aremo.1 \018ran\ \0 minor

ttlemen'. thaD 'be minerals formed at. 10..- t.empera\\.lr••, .uah

a. 'he v,ln-mineral••

gllV'flaM It 11£1.1 T.l»-I&Ilr ll. lilA 1ft , II'-&­

1&0"111.- It the vein-mineral. are oompared on 'he ball. ot

thel, paragen••l.. whiah 1., trom olde.' \0 younge.', hornblende

and bio'it., plagioolase, ofthoola••, ferberlt., and loh••llt.,

1\ 1. ..en trom table 5 tba', wlth 'he exceptlon ot wolframl'.,

not on11 'he number ot minor element., but allo the amount. of

minor element., are le.. in \he m~n.ra1. of latlr formation. The

nwnblr of mlnol' .l••n'. 1n \he mineral., 111 ord.r ot ase trom

olde,' \0 ,ouns'" 181 hornblende aDd blo'lt. 19, plagloela•• 12,

orih.cla•• 7, terberlt. 10, and .oheellt, 4. The more ordered

and intolerant .truat.ure8 ot lat.er m1nerale formed at lo.er

temperature. ma" as 8\l668.tI4 b1 Buerger, explain the relatiTe

·purl'yft ot tbe la'.r mineral••

Rook.

The minor elem.nt oontent ot the rooks 18 shown 1n

Table. 6-8. The varlat,lon 1Jl minor elemen\oont,en' ot all "he

rook. ha. been .t,udled 1n r81a\10n \0 'he di.t-anol from the. .

"Iln·.b.ar and tor 'he horntelled 'uft, al.o 111 rela\10n \0 dl.-

tanoe from 'he granodiorlt., \he blat trom 'h. tnt,ru.l0nlot wAl.h

app.aZ'. ,. be re.ponalbl. tor t.he thermal me'amorphi••f 'hi

hOrDtela.d ,.tt.



/

/

NO 'ang.,en/.a. toun! in any ot 'he rook••1\hlr

dl.t,ant. from or olo.e "0 'h• .,..l....:b••r. 11though ot rela\lvely

.all 10nl0 r&dl\1l, t,UJ1g.t.en apparen"l1 po••e•••• '.0 high an

10nl0 ohUgl (6+) ,. en'lr 1nt.o \h. orynal 1a"10•• ot U11 ot

'h. masm&\10 or hydrot.h.rmal m1nerala.

~.-- Thl hOl'l!tel,8d. tuft 8110•• no m1n-­

8ra10g10al ohaJ16e. a. the veln 1, reaohed. and oorrre8Pondlns17

ahow. DO ohaJ16. in minor .llmo' oont.en\ 111 that. direotion.

Ho.eT.r, 'oward. tb.. granodiorite it" ahow. a 8light, 1nor.... 1n

blo'l'. and ahow. aoorre,pondlng lDcr•••~ 1n 'he tol10w1nl

II1nOI' elemen\, (fable 6). Ga·+(0.621h ~64f), 01a 1+(0.901>;

V·.c 0.751) t 118
.(0.781) J Jlne (0.'11) and .Ag 1.(0.971). Exoept,·

1D& .As, 'he•• are .lemen'. With relaf,ive11 _all 10nl0 rad11

whloh wert "'D in fable 5 to ocour oommonll •• minor elemlnt..

111 'hi bio'l'" and \hel* inorea•• toward \he granodiorlte

would con.aped to &Jl lnorl.l. 1n bio'i'. oont.en\ 1n ,hat. dl­

reot,lon. the horntel'ld ,.tt ••nuln. mol" boron ,haD \he o'h.r

rook•• !hi. 1. due \0 ooo••lonal velnl.'. and .oa"ered bleb.

ot tourmallDe orl.tat. fOtmd .Illy in 'he homtel.ed ,.tt.
~- The .11101fled d10rlte oontalna le•• V,

Ga, Tl, 01', Zn, Zr, ar, and Ba thall \he b1o\lzed d10r1t.•• Thl.

mal be explained by 'he .blen•• in th. 111101fled d10rlt. ot

blotl'., hornblende and tPldlPar., minerall whioh .ere tound

(Tabl. 5) '0 oon\aln the•• minor elemlnt•• In oomparlns the bl­

0\1.84 dlorl\. with th. UDAlter'd diorite it. 1. found \0 oon-­

t&1n larger amoUDt., of an, Pb, Ga, au and Nl and 1••••r ..OUD'.

ot ar, Ba. T1, zr, V, zn. cr, Ag,and )In *haD the unal'ered

rook. Th1. ohang. imp11es that, the blot.la.'lGD of 'he dlorl••



lnyol't'" no' on11 'he reo17.t.a111aa\101l of 'he hOmblen4••,

al.. tdle addit.ion and ..b'....t.l.n ot ••"1'1&1 "pJ'e••nte4 1»1
I

ad41\1011. aDd I\lb\...o\loD••f min•••1....'. \0 'he rook a. a

whole, and 1\ 1. mo.\ probable \11a\ 'hi. ma'.r1&1 wa. IUPplltct

bl bJd"'hel'llal aolu'lOD. trOll 'he .,..ltl......... ~·

A .t,rlklng l1ml1arl\1 lDtrbe minor 81emen'" OOD­

'en' of 'he \bre. lPeclmtn. of dlo~l'. t'~b••t 'rom 'he &bear

(I••• • , S. ad , in Table 1) lUIS'." tbat ,he dlol'l'. at. thea.

dl.t.aDo•• UI b... unatt,.,... 'b7 h)'drot.hlrmal Gol.'loa. &Del

trIle mlnor 111mb' OOD'ID' ot \he.. ap.olmeDI 1. t.ha\ of rela­

'1"11, UDal,.rtd diorite.

the m1l10r .lomea, oon"tn' of \he 410.1'• • t \he 10..­

er ,111 (I••• 8. 9, ADd 10 lllt.ble 1) 1• .,.117 .imU.r \. ,bat.

ot \h. \lWeI' ,,111. fbi••lml1arl\1 1U868'" ,hat. 'he 'WO .111.

dltt.re'lat.d tNII \he .... m&pla UJ4 .t. a'bou' \he ... .u.s.
of orylta111sat.lon of 'he mapa.

AJ14.a,. RtrRAYg 114.U1ASV 1?llQhia.- Bot.h

'hi dd'll'. porpbll7 and \he teldlP&r porphJl1 tall'. lIbo.

&D1 grad._lonal 0baB6e ta .In•• Ilement oontent a. elther ~.

"81ft or t.he eranodl0.1t.•••re reached.

9SR~II1"D 9~ na_ '1»1'.· A oompal'llOD of ,he minor

81em1D' oOD'.n~ of the bornt.l.ed 'utt. diorite. ande.lte por-

phlJ7. teldspar PGrPh717 aDd 64'&J1odlorl'. 1. ;;:'"!own in fable 8.

MaDJ0' \he yaria,t.ion. mal be explained by d1fterenoe. malnll

in t,he hombleDd.e, b1o",1'" plaaloo1•••• aDd or\hoola•• 0011\.11\

ot 'h. rook. and \he oem••quen' d1tterenol' ill t.h. ltln4&1l4

UlOWl" of PNXJ1D6 ell1Den\••

Ih. 61"."1' ..GUll' of le&4 in \hI sranodlorl'••.,

b.lxpla1a.d bJ 'he .1allarl', of lealo radl1 ot 1... (1_,11)



~

and of po,••,l.. (1.')1), a major aon.tliuent. .f orthoola••,

wh10ll 1. twn4 onll 1ft '"'-. SraDo41••1t,. and DOt. lBtbe .'he..
2..5

rook ',pe.. landell and Go141oh hay. found \ba\ 'he le.4 OOD-

2 5...4ell, B.B., and G01410h, a.s., The l'art!' met.alll0 .0D.\1­
....., • • t .ome Amerlo&!l lpto\ll "ok•• Jour. G••l. t p. 18'.

---.....~I •.• --"D' ot llDewl rook. 1. highe.. 1n \hI more .111010 v....l.tl•••

the Irlaf..a- abu.ntlem•• of oopptr 1D 'h. emd••l'.

porph1J7 and 410.1\. a••"rJartd with 'Jle teldtpar po.,,1lJI'1 an4

paned1orl'. 1. pnbabl1 d.. ,.' a _all UltMD\ ot 'haloop,rt'.
1ft \he mort baalo rook•• aaDdtl1 &ad GOld1&bL~~." 'ha' 'hI

2Jf>
"'AI~. lai. t In4 il4&la. tid•• isla·· »t .U-.,;5..............._ ...... _
g....,... abu.rld.aBoe of oopper in \hI 110ft ba.lo varlet-le. ot 18-

neou. rook. ma, be 4\1,8 \0 a IbtUarl'J 1Il 10nl0 raclll ot 00PPlr

(0.151) Uld tlrrw. 1ro1l (0.8,1) and oon.lqulll' p"XJlns b1 oop­

p•• 1rl 'hi lIor. alMUldut. matlo minlral' or \he ba.lt roolE•• How­

ev••, 'hi. 1, no' born. out. br !able ~, Wh.re oopper 1. a. a­

bundl'Jl\ ln \hI tel.1' a. 1n \h. Blatlo m111,I'&1••

8JMMA~ AND CONOLUSIONS

fbi ach••li.....elD 18 found 11l & d10rl'••111 010••

\0 a larse bod: ot sr&nodlorlte.

file ore-bodl 1. found only where 'De ....In-ahear

'C'he.. ,.,. ~ 'hlot diorite .111 ed, al\hough the Ibe.r oontlnue.

1ft,. adjao.~t hornt.lled '-ft, no aob••lite, and only a 11"1.

quana, 1. tOlime! b,,0Dd 'he .111. The pl'all of Ule , .. high

Sradt ore-Ih••'. in the veln oorreapondl ,. \he pl".h .f po­

,en\la1 .peI11l16' w1'hin 'he ".in-abe&!'.
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The lentloular form and ooarae-gralned to pegma­

tltl0 texture of the veln, th_ .aaemblag. ot hlgh-tempera~ure

veln-mlnerals, and the lron-magnesla metasomatlsm ot the wal1-
•

ClI~ V <'(1'1 rook, suggest t.hat ,toherein ls a typlcal hypothermal vein as de·

fined 'by Llndgren.

The vein does not ooour within the granod10rite

and it 18 therefore 1mplJobab10 that the vtin-eolut1ons oame

from the granodiorlt. body itsolf. However, lt 18 ~10.e to the

granod10rlte and it 1s probable that 'tohe ,veln-solutionll oue

trom the sue deep-aeated ma.gma. from whlch the I3ranodlorUe and

probably the other igneous rooks dlfferentiated. .

serioltization rather than olay-mineral alteratlon

charaoterize. the wall-rook and the vein-solut10ns were the~e­

fore alkaline rather than aoidl and the soheel1te, form1ng early

in the sequenoe of mlneral deposltion, was preoip1tated from

alkaline solut10n, along wlth apatlte. by reaotion ot the so­

lutlons wlth calclum from the dlorlt_, a rack w1th 8.18 per

oent oalcium oxide. The absenoe of soheelite in the hornfel ••d

t~rf may be asoribed to ohemioal as well as to struotural oauses,

for the hornfelsed tuff 1s low in oaloium and would therefore

not have preclp1tated the scheellte and apatlte.

- ! Bpeot::>pchflmical analyses prov!,dE' data for generl!l.l­

izations ooncel~1ng the distrlbutlon of minor :lements ln d1f~

ferent minerals and rooks that are ln BOCOrd wlth those ot

other investlgator•• In additlon, the analyses prov1de data for
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e,rh<r/

turther oonolus10n.. tungsten. poss1bly beoause or an lonio

oharge larger than that of the oommon major elements in m1neral.

of the .all-rooke, .as tound only 1n the veln and not in any at

the wall-rooks, e1ther olo.e to or d1stant trom the ve1nl horn­

telsed tutt showed a gradat10nal ohange in m1nor element oon­

tent aa the gran~d10r1te rsapon.1bls tor its thermal metamor­

ph11m .as reaohed; the m1nor element oontent o~ the d10rite

Tarled d1reotly .ith the hydrothermal alterat10n of the d10rite

a. the vein .as reached.

Inasmuoh as the most important depos1ta ot tungsten

are/ep1thermal or pyrometasomat1c, the Red ROBO ~epo.it i. u­

nique 1n that it 1s one ot the few hypothermal depo81t. ot sckes­

l1te that has produoed lmportant amounts ot tungsten.
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