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UNDERGROUND DIAMOND DRILL HOLE LOGS

RED ROSE MINE
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\
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Logged by R. G. McEachern

The division of the diorite into three separate ‘
types was established during the study of the under-

~groundg cores.

Therefore logs made earlier in the
study did not originally show the division.

Later

the logs were rewritten and division made ontthe

bagis of the rock descriptions with only a very

‘ Therefore inconsistencies
may exist in the diorite divisions in these logs,
particularly those of holes U2, U3, U4, and US5.

limited recheck of the core.

Hole Ul

Footage

~ From
0 ‘-
5 -

131 -
END

To
5
131

140

Hole U2

0 -

53 -~

56 .8~

58 .5~

60 =~

— 135.5~-
184.5-1
186 -~

259 -
269 -

286 .5~2
291 =2
294 -3

END

53
56.5
58.5
60

135.5 2

184.5
86
269

261
286.5

91
94
19

Hole U3

0 -5

53 05'
58 =
7123 -
175 -
209 -

301 -~

3.5
58 -
123
1756
209
301

306

-

‘M. Di.

“Sed.

No core "casing"
- Distinctly porphyritic in first
then variably mottled to near end,

S‘E.Di.
40°

Description

where it is even textured similar to M.Di.

P. P. Dyke

Sed.,
Di. Dyke
Sed. —

Di. Dykﬁ

- Bi rich

Sed. - Bi rich, bleached along fractures

N.W. Di.

Sed.

- dark gray,
- some variations similar to N. W. Di.,

little Bi.

could be dykes of latter?

rusty,
F.P. Dyke

reason.
V. Dyke
F.P. Dyke
M. Di.

Sed.,
Di. Dyke

N. W. Di.

shattered,

some hornblendization,
- considerable core lost,

shear?
no apparent

- most of core lost

- Bi rich,

altered, bleached.

Box of core missing
M. Di - very uniform texture,
replacement of hornblende,
blendisation over last few feet to a completely
-hornblende rock at end.
Vein - quarts with chalcopyrite, molybdenite
and scheelite. .Relatively unaltered Di. 303-4

'

- only moderate amount of Bi.

variable biotite
Increasing horn-

yd



)

END

ot (2) ~
Hole U3 ~ Cont'd
Footage Description
From To
306 - 311 V. Dyke
311 =312 Vein as 3@6 .
312 - 316 Vein quartsz with considerable hornblende - .
largely replaced Di.?
316 -~ 324 Core mixed and most lost. Vein gqtz, hornblendite,
and F.P. Dyke. ’
324 - 335 F.P. Dyke
END
Hole U4
o - 5 No core - "Casing™
5 - 181 Sed. - Bi rich in most. Considerable fracturing
and associated bleaching in last part. N
181 - 203 Much shattered and considerable core lost.
Probably N.W., Di. but could be altered Sed.”?
203 - 218 N.W. Di.
218 - 221 Di. Pegmatite Dyke. Uniform, moderately coarse
textured rock of dioritic composition similar
tn appearance to more uniform parts of N.W. Di.
However, is present here and in several other
places as a definite dyke. Not fine grained
at contacts, hence considerable pegmatitic.
221 - 277 M. Di.
a77 -279 Dyke - dark greenish gray, now largely chloritized.
279 - 428 M. Dic
428 - 430.5 Di. Pegmatite Dyke.
430 .5~ 435 M. Di. :
435 - 438.5- Dyke -~ dark, fine grained.
438,.5-466.5 M. Di.
466.5- 491 Sed., - Bi. rich, much bleaching and alteration
Associated with fractures,.
491 -~ 492 V. Dyke
492 - 495 Sed.,
495 - 496 Quarts Vein =« barren. Core broken just beyond
vein - shear ?
496 - 514 F.P. Dyke. "
514 ~522 Sed. - sheared, altered.
522 - 530 P.,P. Dyke.
530 - 540 Sed. -~ Bi. rich
540 - 544 Di. Dyke - similar to M. Di. ‘
54@ - 546 Sed. - relatively little Bi. in much of it.
Several small F.P dykes
666 - 674 Di. Pegmatite dyke
674 =~ 716

Sed. Bi. and bleaching locally. Sdéveral small
Di. Pegmatite dykes :
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types was established during the study of the under-
ground cores. Therefore logs made earlier in the
study did not originally show the division. Later
the logs were rewritten and division made on the
basis of the rock descriptions with only a very

limited rechec
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Hole UbH (W
Footage _ Description
‘From To
0 - 287 No core - plugged
227 -~ 285 M. Di.
285 - 287 Dyke - dark, fine grained.
287 - 35905 M. Dio
3569,5-360.5 " Dyke, - dark, fine grained.
360.5~ 362 Shattered sone -~ fault
362 = 420.5 M. Di.
420.5- 445 Sed.
445 - 505 M. Di. 502-502 Dyke - very similar to V. Dyke
5056 - 510 -Sed .
510 - .522 Di. Dyke - similar to N.W, Di.
522 =~ 538 F.P. Dyke
538 - 547 4' core lost -~ remainder fragments of sed. &
F.P. Dyke . .
547 - 559 F.P. Dyke T
559 =~ 779 Sed. Bi rich at beginning, but remainder gray colored
with little or no Bé. Several small Di.
Pegmatite Dykes and two small F.P. Dykes
?79 - 786 F.Pc\ Dyk. :
END
Hole Ug
0 - 11 SQE.‘ Dio
11 - 36 ' Séd. - Bi rich
36 - 46 S.E. Di.
46 - 80.5 Sed., Bi rich
80.5- 857 Sed. largely hornblendized with pyrite and
a little chalcopyrite. Rustyand fractured
i some core lost.
85 - 90 Sed. - Bi rich
END
Hole U7
0 - 26.5 S.E. Di
END
Hole U8
0 - 94 SoE.Dio
END
Hole U9
0 - 61 S.E. Di. o
61 - 74 Mas.ive pyrite and Chalcopyrite replacement
in sheared Di. Diorite largely hornblendized.
74 - 103 So Eo Dio

ERD
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- (4) _
Hole 110
Footage : Description
From To
0 =~ 193 N.W. Di. variable. Fracture zone in places,

but nothing to suggest presence of strong
shear or fault.

END

Hoel Ull }

0 - 34.5 Mo Dic :

34.5- 38 M. Di and Sed. irregular contact

38 - 54 Sed., = Bi rich. Core much broken in last 5'
7?7 - 91 Sed. - relatively 1little Bi. or alteration.
91 - 97 Dyke =~ variety of F.P,
97 ~155 Sed, from 148 to end shattered sone

Still drilling.

R. G. McE/rcb/ehb
Prince Rupert Office/Red Rose line Office
Sept. 28 /53 / Sept. 9/54
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the ded Rose 1s unique in a class of scheelite deposits that does not

ordinarily include commercial deposits of tungsten,

IHTRODUCTION

The Red iose mine 1s in northern British Columbia, 12 miles
in an alr-line southerly from the town of liazelton (Figz. 1), The worke
ings (Fig, 2), between elevations of 5,650 and 6,400 feet, are above
timberline on the western slopes of .the .tocher D&boulé mountains, These
mountuins are 50 miles northeast of the main Coast Lange.

The property was stuked in 1913 and the early work was done
on ocuterops of the veln where it carried small ambunts of copper, goié

1

and silver., These workings hauve been described by Kindle, It was not

lKindle, E.D., Hineral resources, .iazelton und Smithers areas, Cassiar

and Coast districts, 8.0. Geol, Surv, of Canada, Mem, 223, p, ©7, 1940,

until 1923 that scheelite was found in outerops of the Qame veln 700
feet above tiie copper=gold-silver showings. Illowever, little work was
done on these until the summer of 1940 when the Consolidated Mining and
Smelting Co., Ltd., drilled 12 dlamond-drill holes, rangin: from 70 to
250 fecet in length, that cut the veln from 80 to 325 feet below the
outerop, Shortly afterwards, this company started underground work,
built s 75-ton mill, and started milling in October 1942, WNilling con-
tinued untithovembar 1943, when the property was closed down because
of lack of markets a:nd sbortage of laber, During thils period "600 tons
of high« (73.8 per cent,) and low~ (14 per cent.) grade concentrates,
(344 tons of .i0z) were shipped, the average grude of the ore treated

being 1.64 per cent. wos"z, meking the mine the largzest producer of



awilmnﬁ, V. Bardley, Tungsten in 1944, p. 2, in the Canadian Mineral
Industry in 1944, Dept. of ilines and Aesources, Ottawa, Canada, No,

815, 1945,

tungsten in the province duwring World war II,
The writer examined the property in 1939 and 1942 and in 1943
published a short report on 1&.3 Ho examined it in greater detail in

3Stevenuon, d.3,, Tungsten deposits of British Columbia. B.C, Department

of lines, Bull, 10 {Revised), pp, 60=71, 1943,
1943, when the more extensive underground workings permitted better
correlation of the surface and underground geulnéy than nad been poséible

on previous examinations.,

GEQLOGY

The rocks on the property include hornfelsed tuff, andesite
porphyry, diorite, feldspar porphyry and granodiorite, The distribution
of these rocks is shown in Fig. 3. The geologic setting of the property
in the Hazelton area is shown on the liazelton Sheet, Preliminsry Map
44-24 of the Geological Survey of Canada, On t..1s map the intrusive
rocks near the Red Rose are shown as Upper Cretaceous or later in age
and the nearby intruded rocks us Upper Jurassic or Lower Cretaceous.

lHornfelsed tuff., - The hornielsed tuif is a massive, very fine=-
grained rock that breaks with a sharp coneholdal fracture, It 1s dark
brownish-grey in color, definitely brownish because of an abundance of
fine blotite., The rock consists of 6~ to 1l2-inch Leds of massive, brown
tuff separated by 1/8= to 1/4=~inch partings of sialy, black argillaceous

material, The finely laminated beddiny characterlstic of otiierwise






Although flow structures have not been identified, a murkedly por-
phyritic texture and the lack of any intrusive festures, suggest that
the andesite porphyry is ' flow-rock, interbedded with the hornfelsed
tuff.

The andesite porphyry is dark brownlsh-grey in color, massive
in structure and is striklingly porphyritic in texture. Under tie micro=-
scope it is seen to cousist of sndesine (Absol phenocrysts, measuring
1 mm, by 0.8 mm., and a few, smaller, relict areas of light green horne
blende phenocrysts, set in a fine-grained ground-mass of undesine and
blotite, The plagioclase latiis in the ground-mass runge from 0,7 mm,
by 0.2 mm, to 0,1 mm, to 0,03 mm.; the blotiie 1s of a similar slze und
occurs as scattered flakes or clusters that are pseudomorphic after
borrblende cyrstals, E améll amount of Lornblende is still preseut in
much of the blotlte. The accessory iineruls are guartz and apatite
and the secondary miner:ls, sericlite and leucoxene, The mbde of a

typical specimen of andeslite porphyry is given in Table 1, column 1.

;7,—






in a felted mass of andesine laths, The plagloclase crystals range

in size from 0,07 mm. by 0.3 mm, to 0,7 mm, by £ mm,; the horunblende
erystals are uniformly about 0.4 by 0,6 mm. and the blotite crystuls
usually 0.1 e by 0,05 mm. The plagloclase 1s andesine of composition
Abgse The hornblende has alpha index 1.644 and gumma index 1.873,

an extinctlon angle agalnst Z of 300; and a 2 V of 72° (as measured on
a Universal Stage), It is therefore termed "ordinary hornblende",

The biotite has a gamma index 1,667,

The accessory minerals inelude quartn, apatite, zircon, sphene
and iron oxldes. Zircon is found surrounded by pleochrolc halos in
the bilotite and usually only remnants are present, but occasionully
whole, perfectly-shaped crys.als are found, The secondary minerals in-
clude leucoxene, sericite ani carbonute.

The mode of typical material is shown iun Table 1, column 2
and a chemical auulysls and calculated norm ure iven in column’l of
Tables 2 and 3., iineralogically and cheuically tie rock 1s a typical
dlorite, very similar to diorites found elsewhere in the western
~Cordillers,

Feldspar porphyry. = Several dikes of light colored feldspar

porphyry, ranging from 1 foot %o 50 feet tlick, are found both under=
ground and on the surface., The feldspar porphyry is a massive, light
grey rock coasistiug of feldspar phenocrysts set in a mediume-grzined,
grey ground-mass, This rock lacks the grecnish colér and the evenw
grained texture of the diorite and although porphyritic, lacks the
contrusting fine~zrained :round-mass and dark brownish-color of the
andesite porphyry.

Under the microscope tle feldspar porphyry is seen to consist
of feldspar phenocrysts, from 2 mm., by 1 mm, to § mm, by 1 mm, set in

a medium grained ground-mass of plagloclase, the grain size of which



ranges from 0.1 mm. to 0.6 mm. Both the phenocryst plagloclase and

the ground-mass plagioclase are andesine of composition .b in

80°
addition to andesine, small amounts of quartz, green hornblende, biotite
with ineluded zircon, iron oxides, sphene and leucoxene are found in the
ground-mass, hLydrotiermal apatite is found as blebs and short velnlets
in the feldapar porphyry«where cut by the tungsten vein. The mode of
typical materlal is shown in Table 1, column 3,

Granodiorite. -~ A large area of granodiorite is found on the
mountain side east of the workings where it forms part of a larger area
that extends for about 2 miles fartiier east, Cranodjorite is also found
northwest across Armagosa Creek beyond the area mapped by the(?resanﬁ)
writer. the grénodiorite body east of tihe workings appears to plunge
259 -« 50° W, towards the body across Armagosa Creek, and it 1s provable
that this body connects with that across .rmegosa Creek.at no great
depth below the Red rose workings.

The granodiorite 1is a massive, medium-grained rock, ligsht grey
in coleor and speckled witii glisteningz black blotite and hornblende.
“Under the miecroscope it is seen to be hypldiomorphiec In texture and to
couslst wainly of quartz, andesine (Abgs), orthoclase, hornblende and
biotite., Accessory minerals inelude apatlite, zircon, titanite and iron
oxides,.- Jecondary constituents 1reclude leucoxene, sericite and care
bonate. The general sralin size of the rock r&nges from 0.5 mm., to
1.0 mn.

The mode of typlcal material 1s given in Table 1, column 4 and
a cihemical enalysis and calculated norm are given in column 2 df Yables

2 and 3. The rock would be called a blotite-hearing hornblende-granoe-



4

diorite, according to Joharmsen™ or simply « granodiorite, aceording to

4Uohanﬂsen, Albert, A descriptive petrography of the igneous rocks,

Univ, of Chicazo “ress, Vol. I, p. 149, 1932,

Lindgrenﬁ. The chemical analyses and norms of granodiorite from Calif=-

5L1ndgren, Wey Granodiorite and other intermediate rocks. am, dJour,

S¢c. 4th series, Vol., 9, p. 279, 1900,

fornia, south-eastern Alaska and lNevada are also /iven in “ables 2 and
3 for comparison, Yihe similarity of the ded lose granodiorite with
other Cordilleran granodiorites 1s very striking, aud indicutes the
widespread occurrence of this type of rock in the western Cordillera,
The simllarity of the Red tose granodlorite to the grarodiorite (column
5, Table 2) assoclated with the contact metamorphic scicelite deposits

of #ill City, lievada is in support of Lerr's observation6 that granoe

6 . S , “
Kerr, P.F,, Tungsten mineralization in the Jnited otates, Geol, 3oc,,

Am., lem. 15, p., £3, 1946,

diorite and granlite are tie two types of ilutrusives most coomonly

associated with tungstien minerallzation.

- 7S



Table 2~-Chemical analyses of diorlte and granodlorite; Red Rose
gronodiorite compared with laske and California grano-
(Modes of Red rRose diorite end granodiorite

are given in Table 1)

diorites.

analyst.
eastern salaska,
Granodlorite, Mill City, lievada.
P, F., Tungsten mineralization In the United Jstates,
fhﬂ., Men., 15, Pe 24:, 1946,

1 2 3 4 5
310, 53.74 64,58 63,85 064,87 64,18
A1,05 17.65 15.74  15.84 16.26 17.02
Fep0s 0.27  1.67 1,91 1.51 0,79
Fed 6.98  2.43 2,75  2.89  2.43
K0 4.89  1.97 2,07  1.72  1.69
ca0 8.18  4.48 4,76 4,72 4.32
Nag0 3.69  3.73 3.29  B3.62  3.87
K0 1.66  2.81 3,08  3.30  2.84
0,0 (-105°) 0.11 0,10 .28 0.00  0.03
p0 (#105°) 1,12 1.49 1.65  0.28  0.85
710, 1.25 0,57 .58  0.70 0,53
P,0, 0.33  0.20 .13 0,19  0.08
¥no 0.096  0.056 .07 - 0.06
Ba0 0.09  0.10 .06 - 0,15
co,, - - - - 0.21
S0 - - - - 0.91

Diorite, .ed lo=e,
Granodiorite, iled Rose,.
Granodiorite, Gruss Valley, California,
Lindgren, ., Granodiorite and other intermediate rocks.
Jour, sc., 4th series, Vol, 9, p. 873, 1900,
by wasilngton, ii.3., Chemlical analyses of 1 neous rocks,
’rof. Paper 99, p. 361, 1917,
Granodiorite, cove of Coast lQange Sathiolitii.
susdlington, 4.F., Coast range incvrusives of soutii=

G.CeBe Cave, analyst.

GeC.ile Cave, anulyst.
d F, nillebrand, aunalyst,

Allle

liorm as calculuted

U.S.’&;‘SQ,

J .G' F.’Lii‘ﬁhild,

Jour,., Geol., Vol. 35, p. 240, 1927,

—s a2

F.A, Gonyer, analyst.

Geol.,

Kerr,

50C.



I ble 3--Norms calculated from anﬂ;yses in Table 2

Normative
minerals Y g 3 4 5
Luartz 2.58 20,46 19,44 16,98 18,78

Orthoclase 10.01 16.68 18.35 19.46 16.68

Albite 30.92° 3l.44 27,77 32,49 33,01
Anorthite 26,69 17,79 19.18» 17.24  19.46
Diopside 10,95 3.15 2.94 -
Hypersthene 16,86 5.63 6.54 9.53  6.44
Olivine - - - -
Titanite - - - 1.78 -
Ilmenite 2428 1.06 1.06 - 0.91
Magnetite 0.46 2.55 2.78 2.09 1.16
Apatite 0.34 0.54 0.34 0.4 0.34

Coluwm numbers refer to same rocks and references as in “Jable 2









160 feet below the lowest drift, to give aporoximately 190 fcet more
depth on the wvein, but the results cf this work are not known to the

writer.

Form, = The sciheelite vein is murkedly lenticular, widening
from a few Iinches to several feet in less than £5 feet of drift-length,
Althiough a maximum width of 16 f. et has been noted, a range from 3

feet to 6 feet is more common.

Texture, = The vein 1s massive and lacks banding or crustie
fication, In places it has a slizhtly schistose ppearunce caused by
unre¢pleced wisps of biotite that follow the plune of the vein. Some
of the veln-matter consists of a coarse-gralned intergrowth of minerals
that, because of the development of lurge crystals, results in a pege
matitic texture, The pegmetitic materiul is found as small lenses,
up to & feet long b 2 feet thick on the walls of, and within the vein,
The contacts between the pegmatitic material =nd tie wall-rock are
gradational and irregilar, tvpical of replacement, The pegmatitic
* "'material seeps into the blotized wallerock and first isolates smull |
slabs of wall~rock and then finally replaces thiem completely. |

Besides pegmatitic material much bf the veln consists of
fine-grained, sugary quartz, from 0,03 run. to 0.5 mm, in grain size,
that has replaced muech of the earlier, pegmztitic vein-matter and nearly

all the other vein-minerals.,

Mineralogy. ~ The ore-minerals include sclieellte .nd forberite
and tihe gangue minerals include in order of wbundance: quartz; ortho-
clase, plagloclase, apatite, hHiotite, hornblende, chlorite, ankeritiec

carbon: te, chalcopyrite and molybdenite,












Oxidation., - Oxidation of the vein-minerals has not been‘
pronounced, In the vein-outcrop a amallyamount of the sciicelite has
altered to a canary-yellow oxidatlon-product, probably tungstite, whiech
occeurs as a dust-film coating quartz crystals, and wiere protected
from surface eroslion, occurs as small, 0.5 mm, tabular crystals,

The total amount of tungstite present 1s very small, probably because
mbst of 1t has been carried away by tie violent fains, snow and ice
characteristic of tie mountain slopes at tiie attitude of the'vein~
outcrops. Ferberite from tue surface is always oxldized to earthy,
limonitic masses that frequeutly possess a cellular or lattice-work
texture, It is apparent tinat thg tunssten of the ferberite was
carried away by tie pround water and the iron left as limonitic
material with a lattice-work texture, Underground, oxidatlon has
occurred only where chalcopyrite is found. Limonite rcolaces cuule
conyrite and auy nearby lron-hearing veln-minerals such as bilotite
“and ankeritlc carbonate., Very little oxidatlon occurred more than

300 feet below the surface,.



JALL~ROCK ALTERATION

Metasomatic action by veln-solutions on tlie ad acent wall-rock
has been intense in a1l tiue rock types except the rather refraciory
hornfels, DBiotization, sericitizatlion and silicification have been
the dominant t pes of wall-rock alterution.

At several places along the vein, biotizf&tion of the diorite,/b%
the principel wall-rock of the schecellte ore-body, has been complete
for widths up to one foot from the vein, The olotlized rock conslists
of a mass of.coarse blotite crystals arranged with a flow=like orientation
developed under the influence of stresses present near the vein-shear,
Some biotite has mizrated from the veln aloug Joints in the dlorite
for several tens of feet from the vein-shear and is found in sharpe
edged veinlets 1/16 in. to £ in. thick iu the diorite., 7The amount orf
blotite in the completely biotized dlorite und even Iin the dlorite cut
by blotite veinlets is far In excess of tiec amount that would form by
the alteration of tie rock-iiornblende during thermal metumorphism of
‘the diorite, It 1s thercufore most probable that mueh of the blotite
‘has bee:i contrit . ted by vein-solutions and its forraticn is tie result
of wall-rock alteration by these solutions., Iun many places, the diorite
is out by velnlets of grﬂeﬁ hiornblende, also countributed by veine
solutions from the main vein-shear, and tierefore hydrothermal.

sericitization by veln-solutlons has been strong for about
50 feet from tiec veln-shear, but beyond this distancé, its effects lave
been very weak, The pnlagloclase in rocks neur tue si.eur llas been
conpletely alter 4 to closely-packed scricite that forms bundles
pscudouiorphlc after plagioclase crystals, whereas plagloclase in tue

same rocks at some distance from tiie s.ear is entirely free from serlcite.



Silicification of the wall-rock is found at several places
along the vein. ‘here intense it has produced a rock that consists
of a mosalc of unstrained, anhedral quartz grains, whiecl, with bilotiie,
produces a typical horufels texture, This silicified rock differs
from the hornfelsed tuff, which 1s not visibly affected by silicirication,
only in having a larger graln size, here silicification has been
slight, it has added only a few widely scattered, anhedral grains of
quartz to the rocks.

Small.biebs and short gashes of hydrotlhiersal apatite are
found in the dlorlite near the vein. This apatite 1s in addition to
the mugmatic apatite common as small prains throughout tiie diorite,

The horﬁrelsed tuff is the only rock in which marked tex-
tural and mineralogical changes have not been brought about by the
vein-solutions, liowever, chemical analyses (Table 4) show a marked
lncrease in the soda content of hornfelsed tuff as the vein is approuched,
Analyses of argillaceous tuff 509 fect from the veln-shear showed a

soda content of 2.35 wmer cent, hornfelsed tuff 150 fe. t from the vein

. showed a soda coutent of 4.3 per cent whereas analyses of material

adjacent to the veln showed a soda coutent of 7.54 per cent. AS blebs
or veinlets of albite are not apparent in either hand specimens or
thinescetions of ﬁhe hiigh-soda rock, the 1ncrease in soda-content

as the veln is reached must be attributed. to an increase in the content
of albite molecule of theloligoclase of the hornrelsed tuff, Analyses
of hornfelsed tuff at the concuet of the granodiorite do not show

any increase iin soda und it is most probable that thie albitization
described above is a hydrothermul alter.tion directly reluted to vein

solutious,

-



TABLE 4, = PARTIAL ARALYSES 0¥ TUFF TO LOW
ALBITIZAIION BY VEIleoOLUTT NS

G.C.B, Cave, Analyst

1 2 3 4
810, 61,0 58,9 .60,0 6746
Ca0 1.3 2,9 2,3 3.4
K50 3.81  4.30 2,99 2.1
lia g0 2,35  4.30 7,34 3,68

l, .rgillaceous tuff, 500 feet from vein-shear,
2. ilornfelsed tufrf, 150 feet from velu-shear,
Jo liornfelsed tuff, adjacent to veln-shear,

4, Hornfelsed tul'f at immediate contuct with granocdiorite,

STRUCTURAL AWALYSIo OF VallNedHiaR LD BAANCH OUBARS

Direction of movement along the vein-shear, - The scheelite

+ "ore-pody occuples a shear t at strikes I, 30° i, and dips 609 3.W,

The shear is a normal fault in which the bL:nging~wall has moved down

50 feet and about 150 feet southeasterly with respect to the footwall.
The amount and direction of movement were determined by offsets of
rock-contacts asnd by the direction of fluting or grooves in the veine
quartz, Vell-defiped rooves are very notibe&ble in an outcrop of
vein=-quartz above the 200 level, where the rooves are scen to pltelh
to the south at aun angle of 35 degrees from the Lorilzoital,.

sranchh shears, - Several breaks, some mireralized and some

unmineralized, branch from the vein-shear, some into the hunglng and

\.-’-;3 -
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rad
drawn in the lower right-ihand coruner of Fig. e In this type of diagram
tie traces of the four planes of maximum stress "on the plane of the
paper are as s figure resembling a cross superimposed on an X, the
plane of maximum normal stress being Indicated by the tall of an arrow
without imnlication as to whetier it represents meximum tension or

nd

compression, It is impossible to assign directions to the externel

%0p. oit. pp. 3-4.

fo%ce because any one éf the four possible types of external force,
compression, tension, and two directions of shear-couples, will pro-
duce identical orientation of tlie resultant planes of maximum stress

(MeKinstry, Fig. 2).10

100,. o1t. p. 3.

The diagram indicates that during the structural history of
the veln the s.ieurs thut formeﬁ)followed only one unajor direcction of
shearing, tie direction followed by tie vein-shear and its branch-

shears. The directions followed by the pyrrhotite-arsenonyrite and the

. arsenopyrite veins do not correspond exactly to the direction of the

vein-shear but the deviatidns may be because they are wholly in horne-
felsed tuff beyo:d the uniform dlorite. It is possible that in passing
from diorite to hornfelsed tuff the stress conditions changed sufficiéntly
to account for tue deviation from thie theoretical direction as defined
by tihe malun vein-shear, o reason is evident for the deviation of
the unminerslized s..car,

Although no tension-breaks parallelin the direction of
maxinum compression ha?e been formed, tihey are implied, or potential,
in a plane perpendiculur to the relative direction of movement of

the vein-walls, and their direction 1s shown as a dashed line in the



4
///Afracturenpattern of Fig. #.
LOCALIZATION OF GRE

Localizetion of the ore~body by diorite sill, « Although

the veln-shear culs several rock types, the scheelite ore-body is

found only where the shear cuts the uprer dloritve sill (Fig. \). The 4”/’

quartz vein-is continuous where the shear is in diorite, but loses

its continuit, where tne sihear leaves the dlorite for hornfelsed turlf

or andesite porphyry, and guartz occurs in the veln-shear only as

a few, thick, disconnected lenses entirely lacking in scheellite,

Sulphide veins, not found witii the scheelite ore-body, are common in

the veln-shear where it is not in diorite, but they lack scii elite.

The veinesheur is decidedly weaker outside the dlorite,

- In the hornfelsed tuff the break is less clean-cut and consists of ounly

a few narrow shears that die out and come in alon; the penerul plune

of tle break, althous: the veln-shiear does not perceptibly change in

dip end strike in @oing from one rock to another, the .eviation in
*'attitude though small, miy heve been sufficlent to permigglthe fcrmation/ﬁ(

of openings alon;; the veln-shear during pre-veln movemenis, openings |

sufficient to receive the lurge amount of veln-matter that accompanled

and vas part of the scieelite mineralization,

localization of hish-grade orc-chioots, = Two liighegrade

oreushoﬁts separated by a lean section are found in the vein. The

lean section is 50 to 80 feet long und exteinds from near tle surface

to ti.e lowest drift as of tue summer of 1942, In generul, the piten

of tie ore-shoots 1s to the northwest altiiow:ii for a short distance alove

and below tie 500=foot level it 1s verticul,



This northwesterly piteh of the high-grade shoots is also
the piteh of the potential tension openings within ?ﬁ@ veln as seen
in the fracture pattern and stress diagram of Fig. ;i Although no f“ifL“
actual tension breaks have formed, zones of tenslon gitching northe-
westerly in the plane of tlic veineshear muy have develoned sufficiesntly

to per it localization of high- rade ore within them,

origin

o

x/ ' Source of vein-solutions, - A large area of granocdiorite

/lies only a few hundred east of the sclicelite ore-body (Fig.zzﬁ and :3,//
another large area lies several hundred feet northwest of tie ore-body.
The coutact of the easterly mass dips westwurd under the scucellte
outeron towards the northwest area and it 1s probable that the two

masses connect at no sreat depth bene . th the vein-outecrop, The nlane of
the veln-shear approximately parallels tlie soutiiwestern slopes of tils
body of granodiorite and it is therefore unlikely that the veln-sclutions
came immediately from tlie granodlorite, Llowever, as tie vein 1s close

to the granodiorlte, and as tite mineruls are definitely of a hig. tem=-
perature assemblage of minerals, it is likely that the source was in

the same mapma chamber from which the granodiorite differentiated-esnd
which—prebablylayr-eleosetothe—vein, A similarity in optical propertiles
and therefore in chemlcal composition of tiie Lornblende found In the

veln and the Lornblende fbund in the diorite supgests timt tlhe diorite
may =lso have come from tie same magma-chamber as the vein-solutlons and
the pranodiorite.

Hature of velne-solutions. = The nature of the veine-solutions

is indicated by the wall-rock alteration, mineralogy of tie vein and

_— R ) -



paragenesis of the vein-minerals. The diorite wall-rock next to the
vein has been silicified and biotized and the plagioclase largely
sericitized., The sericitization of the diorite plagioclase shows that
by the time the solutions reached tie dilorlte in their passage upwards

11

from the source-magma, they were alkaline rather than acid., bevelop=

11} 1ndgren, saldemar, Mineral Deposits, McGraw Hill, p. 457, 1933,

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

gillized zonc of altération, such as deécribed by Loveringlz, lay be=

lzLovering, T.S., . Tungsten deposits of Boulder County, Colorado, Icon.
Geol,, 36, p, 236, 1941,

neath the sericitic zone of alteration and therwfore to determine wiether
the solutions changed from acid to alkaline on their way up from the

source magma or whether, as suggested by Twetols in connection with

13Twatq, Ogden, OLe. Clt, De 53,

scheellte in Colorado, the solutions were al: allne when tiey left the
magma, the change from acld to alkaline having taken slace before the

solutions left the mugma,

14

Lovering™™ notes that a strong base such as calclium, is

l*Lovering, T.5., Tungsten déposits of Boulder County, Colorado., icon.
Geol., 36, pps 269-271, 1941,

necessary for the precipitation of scheelite from an ulkaline solution,
The silicification and scricitization of tiie dlorite, a high-cualcium
rock (8.18% calcium oxide, see Table 2, column 1) and the early de=-

'position of schcellte and closely related apatite, suggest that the

necessary calcium was obtained by reaction of the vein-solutions with



the dlorite wall-rock. The later plagloclase in the ore-body may
represent the precipitation of excess calcium obtained in this manner,
The paucity of calcium in the hornfels (1.3 to 2.3 per cent. calcium
oxide, see Table 4, columns 1 to 3) and therefore the absence of a
precipitating agent for the scheelite, apatlite and plagioclase may

be the chemical factor contributing to the total absence of those

minerals in vein~guartz where the vein-shear cuts hornfelsed tuff.

- ) ? —



—/ SPECTRQLHENICAL ANALYSES OF NINERALS AND ROCKS
The tungsten vein contains several minerals that

—"// are found also as roak*rormins‘ninoﬁﬁli. An especially good
opportunity therefore existed to study the variations of minor
elenents in two groups of minerals thu&forislnated from the
ssme magma but which separated during aifferent stages in the
differentiation at.tho nagma, the rock minerals early, during
the magmatic stage, and the vein mincrnlq-latcfg during the
hydrathnrnﬁl stage., Spactro~-chemical analyne-‘iirc nade of
carefully cleaned sdmploq of hornblende, biotl&o. plagioclase,
and erthoolaao.“énn group of minerals from the vein and one
group from the nearby granodiorite; analyses were also made
of wolframite, scheelite and quarts from the vein. The spectiro-
chemical analyses of minerals are given in Table 5. |

Spectro-chemical analyses were also made of 28

sanples of rock (see Tables 6-8) to study the variation of the
miner elements in the Aaifferent types of wall-rocks, and, as
no tungsten minerals had been found by megascopic or micre-
soopic study in the wall-rocks, to determine whether or not
elemental tungsten had becomé Arapped as a minor element in
the crystal lattices of minerals, either hydrothermal or mag-
matic, in the wall-rogcks. However, no tﬁng-ton was found in
any of the wall-rock samples within the limit of spectro-chem-
ical detection by the method used, so that not more than 0,02 %
tungsten could be pregent.



The distribution of minor elements as given in
Tables 5-8 sgrees in general with that to be expected from the
15
early studies of Goldschmidt , who cong¢luded that the distribu-

- ‘
L?Gﬂldlahmidt. Vede, The gginolplea of distrivution of chemiocal
elements minerals. Jour. Chem. Soc., London,

[ 4

tion of minor elements in rocks and minerals is mainly the re-
~ sult of isomorphous replacement of major elements by minor ele
ements with clesely similar ionic radili and the same or larger
ionic charges or valence.

The variation of the minor elements in the mafic
Qnd felsic nminerals, and in the different types of igneoua rocks
wore similar in kind to those found by Brng/é. in his studies

’CBruy. J«M», Spectroscoplc dlstribution of minor elements in ig-
neous rocks from Jamestown, Colorado. Bull. Geol, S0c. Am.,
Vole 53. PDe 765‘81“. 1942,

/17

ereceee=e=  Digtribution of minor chemical elements in Tertiary
dike rocks of thg Front Range, Colorado. Ame. Min., Vol. 27,

5
of igneous rocks in Colorado, and $o0 those found by Shimer/ in his

’zbhimnr, JeAe, Spectregraphic analysis of New England granites

and :ﬂltitﬁﬂo Bulle Geole. 806+ Ame, VOl. 54, ppe 1049=-

study of New England granites and pegmatites.

The spectro-chemical analyses were made by the Chief
Analyst of the Department of Mines on an A.R.L. Dietert speotro-
graph using an sluminized gapting with a dispersion in the first
orderof seven Angstrims per mmej only the ultra-violet spectra



were obtained. "Super-pure” grade graphite electrodes, one«
quarter inch diameter, were used, operating oq?io ampere- 220
volt direct~current source. Each analysis was run in duplicate
and a satisfactory check obtained. The results are given in
Tables 5-8, and the figure for each element 4s the average of
the two ohecks.

The figures for the gpectro-chemical analyses are
seni-quantitative, The relative concentrations of any one el-
ement are expressed numerically by figures which are approxie-
aktely proportional to the spectral line densities, which in
turn are functions of the metal present. A plus sign (+) after
a figure in the tables indicates & spectral line density that
may‘bn any value above that figure. The figures may be used
" in comparing the concentration of a aingle element but may not
be used in comparing tha concentrations of the €ifferent ele-
menta with each other.

MINERALS

gggngn&g_ngxggjggar The minor element content of the
minerals is given in Table 5. The following elements, both mie
nor and essential, were detected in one or more sampless Na, K,
Mg, Ca, &r, Ba, B, Al, ac, Yt, La, Yb, S84, T4, Zr, &n, Pb, Ga,
V, Zn, Cr, W, Cu, Ag, Mn, Ni, Co, Fe. Table 5 does not include
Na, K, Mg, Ca, Al, 81, and Fe, because these elements are ma-
jor constituents of the hornblendes, biotites and feldspars,
and are not found in the tungsten minerals, and therefore were
of no value in comparitivo studiea. The other elements detected
were used in comparison studies.



' is= In comparing the
variation in total number of minor elemsnts it may be seen from
Table S that the hornblendes and blotites contain some of all
the 19 minor elements listed in the table, whereas the feldspars
and the tungsten minerals ceontain only 12 or less of these 19
minor elwments. In explanation of & variation in number of minor
elements, Bray‘ghaa ghown that biotite and hornblende permit

sibatitution for a greater number of major elements than the
feldaspars, and may therefore sontain a greater number of minor
elements.

There does not seem to be any correlation hetween
the amount or variety of minor elemends in the minerals of Tible
5 and the packing Andeizoot the mineralss All the minerals in

t0 minerals with a much lower packing index, would tend to be

relatively free from minor elements, but compared to each other,
the variation in index may not be sufficient to acoount for the
variation in minor element content,



In comparing the kiﬂdQ‘ar minor elements found
in the Adifferent minerals it may be seen from Table 5 that
” the hornblendes and biotites are high 4n the mifggiolomcntl of
relatively small ionic radii, such as V*4(0.758)3 Ni®4(0.78R);

221v°t(o.7sx)s lonic charge and ionic radius respectively for van-
adium, data from ﬂ{okott. ReW,, The gtructure of orystalse.
Reinhold} pp. 192-193, 1931;A§nd,8ti11w011. CeWe, Crystal

‘ /// 00”$(0+82K) 5 Zn®+(0.83R)3 803${0.838) 1 2r (0.87R)§ Mn®+(0.,91R).
These elements, because of the same or larger ionic charge and
similar ionie radil, can proxy for the major elements Fel+(0.67K)3
Mg®+(0.T8R) and Fe®+(0,83%)+ The feldspars and scheelite are
lacking or low in minor elements of small ionic radil because
the major elements of thesge minerals, Nal+(0.98%); Ca®+(1.06)
and K 14(1.33K) have relatively large ionic radii and are thered
fore replaceable only by the minor elements of large ionic radii,
such as 8r°+(1.278) and Ba®+(1.43R), Ferberite is relatively
low in minor elements although its two major constituents
Fe*+(0.838) and W 64(0.65&) possess small ionic radii, but this
may be due to the relatively high lonic charge, 6+, of tungsten,
and the consequent resistance to replacement offered By tungsten

| to minor elements of lower ionic ahargaFEB” ’

The vein-ménerals have as great a variety of minor elemmnts z?
. CE r
the rook-minerals, but they have a lesser amount of each of 4bn

elements, 3o, Zr, S, Pb, Ga, Zn, Cr, Ag, Mn, and Ni, and a larger



amount of only six elements, S, Yt, La, T, V, and Ni. This in-
dicates a greater purity for the veine-minerals in respect of
amount of minor elements. In explanation of this Brnyzqicportl

Buerger as suggesting that in minerals which ere genetically re-
lated %0 the same parent source, the minerals formed at higher
tcmpcraturoa, such as rock minerals, are more tolerant to minor
slements than the minerals formed at lower temperatures, such

as the vein-minerals.

pinerals.~ If the vein-minersls are compared on thé baslis of
their paragenesis, which 1ias, from oldest to youngest, hornblende
and biotite, plagloclase, orthoclase, ferberite, and scheelite,
it 1s seen from Table 5 that, with the exception of wolframlte,
not only the number of minor elements, but also the amounts of
minor elements, are less in the minerals of later formation. The
number of minor elements in the minerals, in order of age from
‘0ldest to youngest 1ss hornblende and blotite 19, plagioclase 12,
orthoclase 7, ferberite 10, and scheelite 4, The more ordered
and intolerant structures of later minerals <formed at lower
temperatures may, as suggested by Buerger, @xplain the relative
"purity” of the later minerals.
" | Rooks

The minor element content of the rocks is shown in
Tables 6-8. The variation in minor element contend of all the
rooks has been studied in relation to the distance from the
vein-ghear and for the hornfelsed tuff, also in relation to dis~
tance from the granodiorite, the heat from the intrusionlef whieh
appears to be responsible for the thermal metamorphism of the
hornfelsed tuff, | '

»



No tunglton/wal found in any of the rocks either
distant from or close to the vein-shear. Although of relatively
small lonic radius, tungsten apparently possesses too high an
ionic charge (6¥) to enter 1nto/thn crystal lattices of any of
the magmatic or hydrothermal minerals.

Hornfelsed tuff.~ The hornfelsed tuff shows no mine-
eralogical changes as the vein is reached, and ocorrrespondingly
shows no change in minor element content in that direction.
However, towards the granocdiorite it shows a slight increase in
blotite and shows a corresponding increase in the following
minor elements (Table 6)§ Ga®+(C.628)3 TEMEARN64K) 5 Cu 14(0.96R);
V24(0.758) 3 N1%4(0.768) 3 Mn®(0s91R) and Ag 14(0.97k). Except-
ing Ag, these are elements with relatively small ionic radii

which were seen in Table 5 to occur commonly as minor elements
in the biotite, and theip increase toward the granodiorite
would correspond to an increase in biotite content in that di-
rection. The hornfelsed tuff contains more boron than the other
rocks. This 1s due to ocoasional veinlets and scattered blebs
of tourmaline orystals found only in the hornfelsed tuff.
Dioritee- The siliocifled diorite contains less V,
Ga, T4, Cr, Zn, Zr, Sr, and Ba than the blotized diorite. This
may be explained by the absence in the silicified diorite of
blotite, hornblende and frldspars, minerals which were found
(Table 5) to ocontain these minor elements. In comparing the bi-
otized diorite with the unaltered diorite it is found to con-
tain larger amounts of 8Sn, Pb, Ga, Cu and Ni and lesser amounts
of 3r, Ba, T4, 2Zr, V, Zn, Cr, Ag, and Mn dhan the unaltered
rocke This change implies that the biotization of the diorite



involves not only the recrystallization of the hornblende but
also the addition and subtraction of materisl represented by
additions and subtractions of minor elements %0 £hn rock as a
whole, and it is most probable that this material was supplied
by hydrethermal solutions from the vein-gheary.

A striking similarity in the minor elemengt ocon-
tent of the three gpecimens of diorite ferthest from the shear
(Nose 4, 5, and 6 in Table 7) suggests that the diorite at theae
distances has been unaffected dy hydrothermal solutions and
the minor element content of these specimens is tht of rela~
tively unaltered dicvrite.

The minor element content of the diorite of the low~
or sill (Nes. 8, 9, and 10 in Table 7) is very similar to that
of the upper sille. This similarity suggests that the two sills
differentiated from the same magma and at about the same stage
of orystallization of the magma,.

Apdesite porphyry and feldspar porphyrye.- Both
the asndesite porphyry and the feldspar porphyry fail to ashow
any gradational change in minor element content as either the
vein or the granodiodite were reached.

Sopparison of rock typeg.~ A comparison of the minor
element content of the hornfelsed tuff, diorite, andesite por-
phyry, feldspar porphyry and gersaodiorite is .~own in Table 8.
Many of the variations may be explained by differences mainly
in the hornblende, biotite, plagioclase, and orthoclase content
of the rocks and the consequent differences in the kind and
amount of proxying elements.

The greater amount of lead in the granodiorite may
be explained by the sidilarisy of ionic radii of lesd (1.321)



and of potassium (1.33R), & major aonstituent of orthoclase,

which is found only in the granodiorite and not inthe other
25

rock types. Sandell and Goldish have found that the lead con-

Zzgihndoll, EeBs, and Goldich, S.3., The rarer metallic eonsti-

tuents of some American ignsous rooks. Joure Geol., p. 183,

tent of igneous rocks is higher in the more siiicic varieties.
The greater abundance of coppeéer in tYhe andesite
porphyry and diorite as compared with the feldspar porphyry and
granodiorite is probably due to a small amount of chalsopyrite
in the more basie roockse 3andell and Goldich‘“suggest that the

A

greater abundance of copper in the more basic varieties of ig-
n;auu rocks may be due to a similarity in ionic radii of copper
(0+758) and ferrous iren (0.8}3) and consequent proxying by cop=
per in the more abundant mafic minerals of the basic rockse. How-
ever, this is not borne out by Table 5, where copper is as a-
bundant in the felsic as in the mafic minerals.

SUMMAEX AND CONCLUSIONS

The scheelite vein is found in & dlorite sill close
to a large body of grenodiorite.

The ore-body is found only where cne vein-ghear

Zhe outs ¥ thick diorite sill and, although the shear continues

into adjacent hornfelsed tuff, no scheelite, and only a 1ittle
quarts, is found beyond the sill. The pitch of the two high
grade ore-ghoots in the vein corresponds to the piteh of po~
tential openings within the vein-shear.
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