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GEOLOGICAL EXAMINATION OF THE LODESTOKE MOUNTAIN
ULTRANAFIC INIDUSIVE AKD ASSOCIATED MAGNITITE DErOSITS

JOHN C. RUCEMICK

INTRODUCTION

The geological work described in this re ort was requested
by Jemes A. KNoble in order to study in more detail the areal, structural,
and petrological features of the Lodestone Mountein ultramafic body and
its associated magnetite depositse To tue extent indicated by the
aceomrenying affidavit, this report is submitted as the assessment
work for the year Se~tember 20, 1955, to Sentember 20, 1956, for the
group of adjoining claims USS Lode nos. 1 = 7 inclusive, tag numbers
73255 through 72241, certificate number 81389 F, in accordeance with
the regulations provided in the Mineral Act of the Province of
British Columbia.

The Lodestone Mourtein ultremafic intrusive has been described
in the following published reports:

Camsell, C., Geology and Mineral Peposits of the Tulameen
District, BeCe; G+ Se Co Memoir 26, 1913.

Young, Ge A., and Uglow, i+ Le, The Iron Ores of Canada.
Be Co and Yukon, Gs S¢ Ce Economic Series noe 3, 1926.

Rice, He Me As, Geology and Mineral Deposits of the Frinoceton
Map~Area, B. Ce, Ge Se Co Memoir 243, 1947.

Fortions of the ultramafic body along the Tulameen River and
the vicinity of Lodestone Mountain were éxamined for Noble by R. H.
Stebbins and D. M. @wilson in June and July, 1954. At that time a
dip-needle survey was made of part of Lodostone Mountein and »art of
the ridge between Lodestone and Olivine Mountains,

GENER: L Do.SC.LIVPTION OF THE AREA

The ma- area extends from latitude 49023' to 49°34' end from
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longitude 121%47' to 121%57°. The nearest town is Princeton, B. C.
(por:lation approi. 1200) which is 180 miles northeast of Vancouver
over naved highway. Lodestone Peak, the approximate center of the
mep area, is 14 alirline miles due west of Princeton. A well-hlagzed
horse and foot trail leads from Lodestone Leke to a gravel road which
leeds to the small settlement of Coalmont. The trail is 2% miles
long, and the junction hetween the trail and the road is 9 miles from
Coalmont or 21 miles from Frincetons The road is a gravel road which
can be easily driven in a passenger ¢ar excent where the road passes
throvugh the property of the Mullen Coal Mining Company at Blakeburn.
There, strip mining operstions required two-sxle drive at the time of
this work.

The southern portion of the map area is accessible by passenger
car on & gravel logging roed which proceeds from the Mullen Coal Mine
along Arrestre Creeke To travel this road, permission is required
from Normen Robb (telephone Princeton 150). The northern portion of
the ultremafic body also can be reached in a passenger oar on a gravel
roed which extends westward from Tulameen along the Tulameen Rivere.

The Kettle Valley branch of the Canadian racific Railway
vasses through Princeton, Coslmont, and Tulameen.

The area underlein by the ultramafic intrusive consists of
a high, dissected plateau along the eastern margin of the Cascade
Range. Most of the high ground in the mep areas stands at an elevation
between 5700 and 6200 feet above sea levels The maximum locel relief
on either the Princeton or Tulameen topographic sheets occurs where
the Tulameen River cuts across the northern portion of the ultramafic.
There, local relief exceeds 2000 feet and is quite steep.

The area is rather hesvily forested in spruce except ahove

elevations of 5500 fect, where there exist mary alpine meadows and only



a gcattering of spruoce.

In the summer the area is comfortably cool sbove 5000 feet
end rather dry, since it lies within the rain shadow of the Coast and
Cascade ranges. From November to mid-April, temperatures stay well
below freezing, and snow accumulates at the higher elevations. Lepths
of 5 feet or more of snow oomﬁonly rema in above 5500 feet until middle
or late June.

OWNERSHIP OF LAND

Besides the group of USS Lode olaims 1-7 on Lodestone Mountain,
four other grouns of lode o¢laims in good stending and one area of crown
grants cover portions of the ultramafic body. The locations of these
claims and grants and the ownerships therecof are shown in the overlay
accompanying the geologic map. Sixteen claims are owned by e He Tupver
and Je e iWalsh, Attourneys-at-law, 675 Hestings Street, Vancouver, B. C.,
and *8 claims are owned by S. Doneld Moore, 201 Wilkin Building,
Fdmonton, Albertas

REGIONAL GEQOLOGY OF THE LODESTONE MOUNTAIN ULTRAMAFIC IRTEUSIVE

The regionsl geology of the ultramafic intrusive was manped
on a scale of 1 inch to 2 miles, using aerial photographs and the
“rinceton and Tulameen topographic sheets, 92 H/SE and 92 H/NE respect-
lvely, nublished by the British Columhbis Department of Lands and Forests.

In horizontal section the main body of the ultramafic intrusion
(exclusive of the gabbro intrusion) is an elongate pod, irregularly
ovate, striking northwest and containing an outerop area of aprroximetely
20 square miles. An outlylinpg satellitic body outeroos over an area of
% square miles at a distance 2 miles northeast of Lodestone Pesk.
Other outlying pyroxenite hodies have beecn mapped by Camsell on Skwum

Creek, northeast of the map area, but were not investigated in the

course of this worke.



The trend of contacts across the regional topography indicates
that the contacts hetween ultramafic and wall=rock are irregular bubt
generally vertical or steeply dipping outward. The wéstern and eastern
contacts, measured in the bed of the Tulameen River, are vertical and
din-ing east at 55° respectively, but too much reliance cannot be placed
on these local measurements because of the irregular nature of intrusive
contacts. At the southecstern extremity of the ultramafic, the intrusion
ends, and'the accomnanying gabbro intrusive dins outward at 40° to 50°
and ;iunges to the southeast across Arrastra Creeke.

For mapping purposes the ultramafic intrusive is here divided

into three units defined as followss pyroxenite - generally 70% or more

monoclinic pyroxene (diopside); peridotite - 20% to BOk pyroxene (diopside),

8% to 20% forsteritic olivine; and dunite - 80% or more olivine
(forsterite). Contacts between these three units are generally abruptly
gradational over a distance of seversl hundred feet. In det-il, however,
contacts between dunite and peridotite mre 1ln scme nlaces of knife-edged
abruntness. The pyroxene grades into the peridotite through the
gradual aocquisition of olivine and outward toward the periphery of the
intrusive (especially toward gabbro) to hornblende pyroxenite and locally
hornblendite with minor amounts of clinozoisite or epidote or both.
Therefore, for more detailed mapping the ultramefic ocould be further
divided into three additional units: hornhblende pyroxenite; hormblendite;
and olivine pyroxenite.

In the northwestern portion of the intrusive, the ultramafic
units are concentric sbout the ellipsoidal dunite core and are arranged
from the core outward: dunite; peridotite; pyroxenites Fyroxenite, which
comnoges the southeastern limb of the ultramafioc, 1s everywhere peripheral
to the other ultramafic units except along the northe:stern margin of

the intrusive, north of the Tulameen River, where & pyroxene~-rich perido-

4.
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tite (80% diopside, 20% olivine) is in sbrupt contact with gabbroe.
Here the gabbro can be interpreted as having cut out the pyroxenite,
but more nrobebly the perivheral pyroxenite 1s represented by the
pyroxene-rich peridotite. As can be seen on the geologic map, the
gabbro-pyroxene contact along the Tulameen kiver requires some inter-
nretations Although ccmpletely covered by a gravel hench along the
north side of the river, this contact is abrupt and transgressive to
the main structurel trend of the ultramsfic intrusive. 1In the pyrox=-
enite along the river there are many obvious shear zones which intersect
at aroroximately 46°, as indicated on the map. These features are
sufficient evidence to assume an east-trending high angle fault along
the nyroxene-gabbhro contact, although the less likely possibility of
a transgressive gabbro contact is not precluded.

The pyroxenite generally is a medium to coarse grained rock
(grains 5 mm to 2 em) which weathers to a gray-green c¢olor and is
darker greenish-black in a freshly broken specimen. Lagnetite wéathers
out of the rock in relief, having‘a metallic purple colors Where the
pnyroxenite contains olivine, the latter mineral weathers more rapidly
and anpears as yellow-brown depressions on the weathered surface. At
the easstern contact in the hed of the Tulameen Riwver the pyroxenite,
here containing 30% hormblende in irregular clots un to 7 om across,
is noticeably finer grained within 400 feet of the contae¢t with the
Tulameen Group (grains 1 mm and less). Along the western contact in
the Tulameen River and along the contact with the Tulameen metamorphies,
2 miles northwest of Lodestone Peak, the pyroxenite is highly foliated
parallsl to the contect and considerally serpentinizeds A thousand feet
into the intrusive from the western contact in the Tulameen River, a
zone of nyroxenite breccim 200 feet wide crosses the river in the

pyroxenite as shown on the geologic map. The breccia is comnosed of
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all sizes of angular pyroxenite fragments up to 3 feet in width cemented
by 2 matrix of much finer grained pyroxenite. This feature is intere
nreted as a primary intrusive breccie formed during the intrusion of

the nyroxenite.

Average peridotite is medium grained and comvosed of a.yuroxie
mately 50% olivine and 50% pyroxene. The olivine is vitrecus end clear
on fresh suf_faces and weathers to @& dun~yellow where not serpentinized.
The »yroxene is probably a chrome diopside and is e brighter green than
the diopside of uaverage pyroxenite. \here not obliterated by serpentin-
ization, the texture of the peridotite 1s composed of rendomly mixed
grains of pyroxene cnd olivine. Close insyucetion with a hand lens
shows that the pyroxene in many specimens ophitically fille the inter-
stices between olivine grainse.

Most of the fresh dunite is composed of more than 95% of
mediun grained forsteritic olivine with only scattered grains of diopside.
The clivine and “yroxene look essentimlly like those of the peridotite,
end the unserventinized rock weathers the typicel dun color. In some
nlaces, notably on the northern slopes of Olivine lMountein, vertical
bands or dikes of dunite from 6 inches to several feet in width cut the
reridotite. Commonly along or neer the dunite-peridotite contact,
vertical bands of pyroxenee-rich peridetite mre found in the dunite.

A grest deal, perhans 70%, of both the dunite snd the peridotite
is considerably serpentinized, in which omse the rock weatheres a light
gray-yellow with dark rusty streaks. Ixamination of serpentinigzed
peridotite shows that the olivine is commonly selectively scerpentinized
| and that the pyroxene is relatively fresh. Both the peridotite end
the dunite show the serpentinized "breccia" structure (which Camsell
has described) with blocks of fresh peridotite and dunite starding out

in & ser-entinized matrix. This is most frequently encountered along



7.

the Tulameen River and neer the pesk of Olivine Mountain. Lurge
vertical serpertiniged zones give the mvuncarance of d:kes in the
dunite north of the Tulameen River.

The gabbro which accompanies the ultramafic is probsbly a
senarate intrusion; thet is, neither is a differnetiate of the other,
since there are essentially no intermediszte rock types mund nc ancrthosite
exposedes Most of the gabbro is composed of approximately 50 black
horntlende and 505 greenish clinozoisite or eridote. Within 10C feet
her ultramafic or wellerock the gabbro usuelly
ehows & nronounced foliation of the hornhblende rarallel to the contact
which gives the rock & schistose eppearance. Some.uortions of the
gahhro body east of Lodestone eak are composed of greenish actinolized
hornblende and filesh-pink manganiferous? clinozoisite. The central
rortions of this body and the gabbro north of the Tulameen River are
conpesed of augite, hornblende, and plagicclase.

Although well ex; osed in several places, the ccntact between
gabbro and ultremafic does not exhibit convincing age relationships.
The hornmblende content of the pyroxenite increeses notably toward the
gabbro contact to the extent that it could be locally mepped as horn-
blendite (more than 70X hornblende). Blocks of hormblendite rarging
from sever:l inches to 2 feet appeer to be included in tie gabbre and
gabbro veins end dikes several feet wide cut the hormblendite. However,
veins and dikes of similar size of hormblendite out through the foliation
of the gabbros These confusing relationships are well ex;osed along
thes western margin of the ultrabasic two miles south of the peak of
Olivine liountain.

The confusing contact relaticnships between the gebbro and

the ultramafic coupled with the space relationships argue toward

simultaneity between the two intrucsions. However, simultaneity at



the molten stage would have caused mixing. Therefore, the most vrobable
interpretsation to account for the space relationships is that th
ultramefic intruded the pgabbro before the latter had crystallized
comnletely; a relatively small interstitial fraction of the gabbro
wes either mohbilized or kept liguid by the heat of the ultramafic intru-
sion urtil the ultramafic had crystallized.

The regular compositional sequence exhibited by the ultramafioe
intrusive 1s probebly not a reflection of the differentiation of a
single m:gma in the locale of intrusion for several reasons. No diff-
erentiation mechanism such as crystal accummlation could feazibly explain
the petreologic structure of the body becruse there is no evid.nce of
horizontal stratification, and all rock types are represented from pyrox-
enite, comrosed of 100k diopside, to dunite, comzosed of 100x olivine.
If a process of crystal accumuletion had controlled, some interstitial
mireral or minerals representing the comrosition of the parent magma
from which the orystels saccumulated should be in evidence. Liquid
diffusion is probably too slow to opercte throughout a body of this
sizes. Furthermore, the normal course of crystallization of an intrusive
body should teke nlace from the margins inward, in which emse the highest
temverature mineral (forsteritic olivine) should be found mnear the walls,
with an inorease of the lower tenmpersture pyroxene inward. Since the
reverse relationship is evident, eny process of differentiation should
exnlain crystellization of this body as having proceeded from the center
outward. This phenomenon is not only mechenically unstable in a gravity
ficld, but consideration of possible temperature gradients at the wall=-
rock comtact mekes it impossible to visualize the process without some
crystellization from the welles inwarde.

Two nossible explanations remain: either that the petrology

ronresents an essentislly dunitic magma peripherally corntamineted with

8.



calcium and silica; or that it represerts successive intrusion of a
compound magma which, over the time spanning the intrusion, changed in
comrosition from the lower temperature dionside melt to the higher
temserature dunitic magma as a direct result of differentiel melting
of the magma source, presumably in ar inhomogeneous perideotitic layer
in the mantle of the earth.

The latter explanation appears tc he the more teneble hy:o-
thesis, since contamination of the olivine melt with ealecium and silica
but n~t othur components such as potash and soda is difficult to imagine.
The more plausible hypothesis of successive intrusion of a compound
magma arears to explain both large-scale features, such as the central
location of the dunite (since an arriving magma would find the e~siest
eccess to the more central partly liquid portion of the previous still
erystz1llizing intrueive), and small-sczle features such as dunite dikes
intrurive into more pyroxsne-rich neridotite.

Camsell's renort contains good chemical arnd microscopic work
on the ultramafic rocks, and the reader is referred to that work for
more detailed netrographie descrintions.

The ultramafic, the gabbro, and the Eagle granodiorite are
8l]l clearly intrusive into the Triassic Tulameen sediments. The intrus-
ives and the Triassic seaiments are unconflormably overlain by the
Tertiary Cedar volcanies which apnear on the eastern periphery of the
main aresa. Camsell concluded fram his work that the Eagle grancdiorite
is »robably Jurassic and thet the ultramafic and the gabbro are probably
Jurassic but before the Eagle granodiorite. No evidence relevant to
this dating was encountered in the course of this worke.

MiINERALIZATION
Both magnetite and chromite arc clearly primary constituents

of the ultramafic rock. The megascoric occurrence of chromite is

g.



is confined to a very few small irregular veins and clots in the dunite.
These occurrsnces, generally only several inches in the longest dimension,
are not fremently encountered in the dunite &and will not be worth econ-
omic consideration in the foreseeable future.

Camcell's report mentions both diamonds and latinum with the
caromite in the dunite, although their economic significance is coubtful.

Hagretite ic essextially confineu to the pyroxenite unit,
although there is slight overlas into the peridotlte south and northeast
ol " he sumilt of Clivine ¥ountein. It occurs as disseminated clots and
iveepvler voins of ~1) sizes from QW8 min to severnl feet. in meny
vlnces the sroain size of the magnetite a.vevurs to vary in Jdirect oro-
ortior to the grain size of the pyroxemite. This is -rehebly because
the discseminated clots are ty:ieally irterstitial to the pyroxene grains.

The mapgnetite content of the nyro enite is quite warieble over
lerye ereas, as indiceted on the geologic map. It is em hasized that
the distribution of the magnetite percentapes shown on the mep is b sed
solely uron visual estimate at the outerop with the use of a hand magnet
and not unor dip-needle wvalues, which gencrally but not everywhere sub-
stantiate the obserw tions.

There arrears to be a general relutionchlp hetween the percent
of marnetite in the pyroxenite and the tonogrephy. The largcs£ & Ireas
conteining the highest nercentage of mapretite lie along the ridge of
Lodestone MNountain, on a 5600-foot southesst of Lodestone, ond where the
nyroxenite unit crosses the ridge scuth of Olivine lountain. This feature
indicetes that magnetite must have been conce: trated by “rimary -rocesses
gt a hirher level in the in:rusion, relative tc the average level now
expoeed, However, the valley between Lodestone Lake and the ridge extend-
ing sonth from the summit is worthy of more extensive investigation then

wes accomrlished during the course of this worke One traverse in this
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ares encountered very few outorops of pyroxenite, all of which showed
only traces of magnetite, and low dip-needle readings. It can be
assumed that the t0ﬂograpﬁy and possibly the regional polarizetion of
the Lodestone Mountain magnetite irfluenced the din necdle.

The Lodestone deposit hes not been sdequetely sempled. In
November of 1955, Karop collected a bulk sample for metallurgieal
testing, but because of snow cover this wee rerhars not rerisentative.
Better than average ore was located by diy needle, and the resulting

e

samrle ran 2057 total Fe, 19.6% soluble Fe,

[E]

resumably better than
average for the denosit as & whole.

Host of the ground covered by the seven USS Lode claims on
lodestone Meuntain contains es high a content of magnetite as was observed
arywhere on the ultramafic. However, the erea of high magnetite content
extends beyond these claims to the north arnd for 2 consldereble distance
to the southesst.

Of the claims located elong the ridrge extending sg~uthward from
Olivine Mountain, owned by Tu-per snd ‘alsh, the northern, or Bear Group,
covers gr-und which may contain as high s nercerisge of meznetite as the
grournd on Lodestone Vountain. The magnetite content of that ortion of
the ultramafic covered by the Deer Group, which adjoins the Lecr Uroup,
is s-oradic and as high as 20:. in only a few ~laces.

All the ground covered by the block of 2 lode cl:aims owned
by Se Le Moore wzs not investigated. However, it is not <robzble that
any of the ground covered by either of the two blocks of cliims ownec by
Moore contains enough magnetite at the surface to bhe worthy of considera-
tion at this time.

Some sulphides were observed, both disseminated and in small
veins, on both sides of gabbro-ultramafic contacts, and in both the

gahbro and ultramafic at wall-rock conbtacts. These are mostly pyrite
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with some chalcopyrite and pyrrhotite. No coneentration observed
a~peared to he of any economlic interest, although three sam:les collected
near the western wall-rock contact of the ultramafic in the Tulameen
River are beins assayed.
OPER-TIONAL FAGTORS

The tonogranhic featu-es of the Lodestone lountain magnetite
occurrence favor onen-pit minine, hut the hssvy snow fall might .revent
year-around oneration of an oven nit. If the grade of the crude ore
is high erough and the metallurgy presents no sericus difficulties, it
may be ~ossible to nlace concentrates at tide-water near Vancouver in
comnetition with otean-horne ores. iiater for a conoe: trator is
inadequate excent in the lower nart of Granite Creek, in the vieinity
of Blokeburn, or in the Tulameen River. Cride ore could be delivered
to n concentrator on the Tulemeen Kiver hy greavity tram, a method
formerly used for the coal from Blakeburne.

RECOUYENDATIONS

Bettar figures on the average grade of the denosit are neceded.
Lines of samnles should be out across good ore exnosures to test uaximum
and averaze pgrade and to establish correlstions between grade and dipe-
needle values. Metallurelical tests should be mnde of resresentative
bulx samnles to determine the necessary fineness of grirdines, the
sorcentrating ratios, and the effect on IiC, ccntemt. 2n extensive
nrogram of diamond drilling will eventually be neede: to determine
tonnage and pgrade. These different stens should be taken in the order

listed.

ol & B A

John C. Ruclmick,
Ketchikan, Alaeske, vonsultant
Se~temhar 15, 1956
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Qqualifications of John C+ Ruckmicks

Degrees:
Amherst, lasss, Behs (Geolozy), 1952.
California Imstitute of Technology, meS. (Geolopy), 1954.
Graduate residence toward rhels, California institute Technology,
1952-56.

Experiences
Tex:s Company, field mapping, 1953.
Field work, ultramafics in Southeestern Alaskas, for J. A. Boble,
sunmers of 1954, 1535, 15566.
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