R e )

C. LIBRARY %

[UB.

‘ . Wo. LE3 By (as A?_ Qﬂm“i

o ws O £,

T T S AT

The ‘Magneﬁv‘e Cecurvrences of
e West (Coast of Vancouver [s-

/and, B. C. - thewr Contaet Meta-
mor/b/?/Sm and OOre (Fenesrs

6 |
F;*'e/e/y/;_ ﬁ);z Oséorne

e
o

A
L]
v

N "/’B ‘/lr‘\




~PrarE L

Occv?PENCES

QUAT SING
@ JEUNE
@oco srPoRT

HryQuor

@ KOWSHITTLE ARMT

VOO TAA
@ WERD BAY

CLAYORQUOT

@ 710 WATER
ﬂﬂfflf)’ VANVCOUVER /JZ{?/YD
©® sapira Jeoce /7 S0 NI ES
O crownw PRINVEE
@) corpErr 15¢AND
B pARBY ANO JOAN
(D CASCADE (FELA
HANO Y CPELAH
BRLD ERcLEF

03 CORPONY FIVER BLEABOO CTELN
cCoOVY YUEROP
LITTCE BoBS
BROErw FPow Fcc
POS £
I OARR
ELr 7R/~

(D HAPRIS CTPEEAR




THE MAGNETITE OCCURRENCES
QOF THE WEST COAST OF VANCOUVER ISLAND, B. C.:
THEIR GONTACT METAMORPHISM AND ORE GENESIS

—— By —

PRELEIGE EITZ QBBORKE

3 % x 5 %

A THESIS SUBMITTED FOR THE
DEGREE _OF MASTER OF APPLIED SOIELNGE
l o the . — _
DEPARTMENT OF GEOLOGY

* B % ¥ =

THE UNIVERSITY OF BRITISH
COLUMBIA
APRIL -~ 1926

R A %




THE MAGNETITE OCCURRENCES

OF THE WEST COAST OF VANCOUVER ISLAND, B.C.:

THEIR CONTACT METAMORPHISM AND ORE GENESIS

1.

3.
3.

4.

5.

8.
7.
" 80

PREFAQE
ia; Acknowledgments. ;’/ _
b) Bibliography of Geology of West Coast. ~+ —~
SUMMARY AND CONCOLUSIONS -
ETRODUCTION |
(a) Physioal features and geology af Weat
Coast. N -~ .
{(b) Magnetite aocurrencen. -
(1 Situation and deVelopment. _ _ _ — #-
C Topography of occurrenoes. - = %
Geclogy. . - - = - — - -§.
(¢) Classification of depositc. - - - =8
1) By types. _ _ - - = = 5
8 BY sounds.  _ _ _ _ . - - - - — 4o.

DEPOSITS IN LIMESTONE

sa; Endothermic effects of intrusion. - — - - //
b) Exothermic effects of intrusion. _ _ . _, s
DEPOSITS IN VANCOUVER VOLCANICS - - — - — - - -+ 8,
a) Copper Island. - . - - - — = - - - /9.
b Orown Prince. - - - - - - T T z2,
¢) Darby and Joam. _ - - - - — T T
DEPOSITS IN LIMESTONE AND VOLCANIOS _ = _ _ . . 2z
TIDEWATER AND JUNE . _ _ = . . . . - 27.
MINERALOGY -
I} Metallic Minerals - — - - - - - - . 3 7.
I1I) Non-Metallic Minerals. - - - - - . _ _4 /.
CONTACT METAMORPHISH "
(1) General. . S
(2) Formation of silieate zones on Vancouver S2.
(3) Island.
3 o -

Relation of silicates and ore. A




e ok ot

10.

11.

13,

QRE DEPOSITION ' =4

flg Ore precipitation by limestone. — — s ~

3) Ore precipitation by other than lime-«+
stone.

(3) Oharacter of ore-bearing solutions. ¢ ¢

AGNETITE OCCURRENCES OF
, —_—— - - =

BIBLIOGRAPHY OF CONTACT METAMORPHISM @ _ _ .7 &

- e mm ME wm e wp A s Ry S mm e ew




)
i
:
3
1
b
v
3
i
;h :
£
f
¥

- - LIST OF ILLUSTRATIONS - -

PLATE 1I. - Outline map of West Coast. Showing
- location of properties.
Frontpiece.
PLATE 1I. - Sarita River and Sydney Inlet.

To follow Page. /.

PLATE II1. - Maiden Hair Fern, Elijah M.C.
To follow Page
PLATE 1V, - g:gnetito - Conqueror M.C. and Head
S )
To follow Page
PLATE V. - Camera Lucida sketch from thin

section.
‘ To follow Page

PLATE VI, - Camera Lucida drawing from polished
surface.
To follow Page

PLATE VII. - Magnetite Replacing Volcanics.
To follow Page

 EE G W W e N SR MR B G e e R G e A e e e W

/ 2

78

A




| FORWARD AND ACK*OWLEDGMENTS .

During the field season of 1924, the writer had
o the good fortune to be employed on the iron-ore survey of the
! Province of British Celumbia, carried on by the Geological
Survey of Canada. The work, which was a continuation of that
begun by Dr. G.A. Young, of the Geological Survey, was confined

to the ocourrences on the West Coast ofVancouver Island. Thie
work was under the supervision of Dr. W.L. Uglow of the
University of British Columbia, and the writer wishes to ac-
knowledge his indebtedness %o him for assistance in all stages
of the preparation of this thesis. Agknowledgment is also
dus to Dr. V. Dolmage of the Geological Survey,for discussion of
West Coast geology and acéoss to unpublished maps of the shore~

i

1line in the vicinity of some of the occurrences.

BLBLIOGRAPHY

The prinoipal publications dealing with the general

geology of the West Coast of Vancouver Island are:

Dawson,G.M. -~ Geol. Surv., Can., Ann. Rept. 1888,
pp. 1B - 107B.

cock E. A Webgte A, ~ Geol. Surv., Can., Ann. Rept.,

903, . 54-59.
Clapp, G.H, - Geol. Surve, Can., Memoir No. 13, 1913.
Dolmage V. - Geol. Surv., Can., *
Sum. Repte. - 1918 - pp. 30B - 38B

1919 - pp. 12B -~ 19B
1920 - pp. 13A - 33A
Information on iron eore occurrences may be found in

the Annual Reports of the Minister of Mines of British Columbia

T e TR s



FORWARD AKD ACKNOWLEDGMENTS
BIBLIOGRAPHY

from 1903. The iron ores were the subject of a special
examination by Einar Lindeman in 1907; the results were
published as Canada, Department of Mines, Mines Branch Publica-
tion Ko. 47, 1910. The earlier work is summarized by W.M.
Brewer in British Columbia Department of Mines, Bulletin Neo.

3, 1917. *Iron Ores of Vancouver and Texada Islands.*

e M Eh ah W S G G WP AE B Gk @GP SN Ay e AR we e g

o R e

B K S et G TP g o PR - . Lo R .



77/

-=- SUMMARY AND CONCLUSIONS —-

The magnetic iron-ore on the West Coast of Vancouver
Island, ie of the contact metamorphic type, formed by the in-
trusion of rooks of Upper Jurassio.age into the rocks of the |
Vancouver group, consisting of limestones and volcanic flows
and tuffs. The lntrusive is of varying lithology from granite
to diorite, but the magnetite ocourrences show a preference for
the more basio type. Fellowing the intrusion of the plutonics
the equilibrium both within the intrusive snd within the intruded
rook was disturbed. In the intrusive, this is evidenced by the
formation of fine grained or porphyritic contact faoioégycontact
sones of different composition, or the alteration of certain
already formed minerals in the rock. In the intruded rock the
rendjustment may take the form of reorystalligation, or less
noticeable alteration. As the igneous rock consolidates materials

are given off, which enter the contact zone and form eilicates and

.
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SUMMARY ANDCONCLUSIONS

ore. The variation in the mineralizers, as shown by the
minerals deposited is very marked, although there is a tendency
for silicates to form before the ore, especially in limestone.
The observed variations peint to the concentration of the last
stage product of orystallization of the magma and the mineralizers
within the intrusive; and diffusion inte the contact zone. The
ssanations charscterized by the elements of lower atomic weight
reach the contact zone first. They also, as a rule, are the
more chemiocally active, and can so deposit first. The heavier
slements may reach the oontact sone and not be able to depoeit
because they cannot maintain their concentration. Under speclal
oonditions, especially when the 1ntrudsd rock approaches the
fntrusive rock in oomposition, magnetite, even in the presence

of the more siliceous emanations may deposit riratibimultaneously.
This metamorphism and deposition of magnetite takes place from

tenuous solutions at temperatures from 1000°¢ te 600°C Hematite.

~. . was probably formed close to 500° or 5;10', and the sulphides
with the possible exception of pyrrhotite at lower temperatures
still. 8ilicates may be just as effective in the deposition of

ore as limestone.
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THE MAGNETITE OCCURRENCES OF THE
- WEST COAST OF VANCOUVER ISLAND, B. C:
THEIR CONTACT METANMORPHISM AND ORE GENESIS

INTRODUCTION -

PHYSICAL FEA 8 OF VANCQUVER ISLAND
Vancouver Island is the largest island of the West

Coast of North America, and is completely surrounded by
navigable waterways. The West Coast is deeply indented by
fiords; the principal ones of which are: Barkley, Clayoquot,
Nootka, Kyuquot and Quateino Sounds. Inseide the sounda, deep
water is found very close to the shore and mountains rise quite
abruptly to heights up te three thousand feet to form the Van-
couver Range, the backbone of the Island. This range has a
general N.¥W, and S.E. trend so the fiords cut across it almost
at right angles. Below Barkley Sound, the large inlets are not
present and as you go south the mountaine do not rise to as
great he;ghtc, unti};l"south of Port San Juan the topography is

notably more subdued and a narrow. coastal plain appears.

CLIMATE

The climate of the West Coast is very equable. The

rainfall is heavy, but snow is not common and does not remain

kg

for long periods.

GEOLOGY OF VANCOUVER ISLAND

= EN Eme @y WD A WD a4y Gn ke e wm Ee e

LEECH RIVER SERIES

The oldest known rocks on the West Coast are the

Leech River Series, a highly metamorphosed set of rocks,

|
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~- Sydney Inlet-Clayoquot Sound —
Showing oharacter of Inlets with steep
slope to water.
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-- From the summit of Oopper Island. --

View of Valley of Sarita River
! Barkley SBound.
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-INTRODUCTION

mostly slates, of unknown age, exposed only in a narrow belt

| at tue south end of the Island.

ANCOUVER GROUP

| ?hc next younger rocks belong to the Vancouver group
as dsfined by Dawson. These rocks are of Jurasgic and Triassic
age, Tﬁt group includes three formations. ' The lowest one,
known as the Hitinat formation, consiats of non-fossiliferous
marbles and amphibolites. 2)Overlying these a thick series of
voloanic material, the Vancouver volcanice, ie found, flows, and
clastic materials predominate but sills and cdykes ocour. This
series is of varying haaioify from rhyolites to basalts but with
a marked tendency for the more basic ones to predominate, while

the rhyolitic types aro rare. Ry

Interculated in the Vancouver volcanics are a.number of
lenses of limestone, more or less recrystallized to marble, the
SButton Formation. In placeas this formation contains fossils, but
there ig still some doubt as to the correct age. Dewson refers
these limestones to the Alpine Triassic. Olapp places them in the
Jurassic and calls the fauna the Sutton Jurassic, while G.C. Marti

oconsider them Upper Triaseic in age.

@ Dawson,G.M. Geol. Surv., Oan..
" Bum. Rept. 18686 pp. 7B-11B.
@ Dolmage V. | Geol. Surv., Oan.,v
Sum. Rept. 1920 p. 1564
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- IKTRODUCTION

AST RANGE INTRUSIVES | |
Intruding'the older rocks is a cbmplex.of igneous |

rock, probably representing an offshoot of the Ooast Range
Batholith and therefore cf Upper Juransiccage. The intrusives
are of varying lithology from granite to diorite; - the most
common types being quarts diorite, granodiorite and diorite,
In general the diorite, which Clepp calls the Beale diorite,
represents an earlisr narginal faoiés of the intrusive and often
is intruded by the later more acid rocks. In some cases the
contacts are sharp and in others they are irregular, showing
the diorite was intruded by th§ acid plutonicé before it was
consolidated completely. These rooks are the most important
on the West Coast, because most of the mineralization is due
10 them,

!

LAIER ROCKS

Cretaceous beds are found in emall areas on the Weat
Coast, but the areas are far from continuous. A4s far aa knownp
no metallic ores are found in them. In the Tertiary, Oligocene-
Miocene sediments were deposited at the south end of the Island.
Igneous activity of this time is shown by the Metchosin volcaniocs
and the Booke gabbro group. The Sooke gabbro caused some
mineralizati on::, but 1t is not as important as that due %o the )
rocks of Coast Range age. '

@ 8chofield, 8.J. Geol. Surv., Can., Memolr
No. 132, p.a- . »
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INTRODUCTION

MAGRETITE OCCURRENCES
STTUATION AND DEVELOPMENT

Most of the magnetite properties examined are within

three miles of na%igiblo water. The most important exceptions
to this statement are the claims on Gordon River, Bugaboo Creek
and Herris Creek, The claims are now reached by traiis from
the water; in some cases little more than blazed lines. Owing
to the length of time which has elapased since the development
was done on most of the properties, the trails are now overgrown
with typical coast vegetation, salmon berry, salal and devil's
club, a0 practiocally new irails must be cut. The dense growth
also obscures the work done on the claims. Open cuts, trenches
and test pits are overgrown and filled with surface debris.
Tunnels and shafts are inaccessible due to caving or to water.
The combination of dense vegetation and the heavy drift mantle
mekes detalled examination of the deposits difficult and in

most cases impoesible without further exploratory work.

TOPQGRAPHY OF OCQURRENCES

The examination of the magnetite occurrences showed

the influence of ore deposits on topography. . Although none of

' the individual deposits covered a large area, the number of >

observed deposits made up for this deficlency. The deposits
are all of the contact metamorphic iype and therefore have a

teadency to resist subaeqﬁcnt katamorphiccérocesaas. 0f all
the minerals of the deposits magnetite is the most resistant.

@ Leith, C.E. 7 Mead, W.J. "Metamorphic Geology"
1915, Pe 264, -
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This 1llustrates the luxuriant growth found in some of
the valleys. These ferns are growing on soil about
four inches thick on the surface of weathered limestone
at about 45°, ‘ This shows the ease with which the
surface may be covered by vegetation especially in moist

places.
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. -- Falls over Magnetite --

- Outcrop Bugaboo Creek. -

| Showing Limestone
; magnetite contact
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INTRODUCTION

on accounﬁ of ite hardness, homogeneity and resistance: to
we:thering, especially when pure, so it stands out in relief
against the common counfry rock, such as diorite and 1imestone.
This characteristic results in the formation of prominent
topographicul features such as: steep bluffs, tops or caps cf» ¥;
ridges and waterfalls in stresms. The resistance of the mag-
netite is so noticeable that a general statement may be made,
that where ore-bodles are intersected by the present surface,
some prominent topographioal featuree will be present. It can
be seen that this conclusion has an important bearing on the

probable continuation, on the surface, of exposed ore bodies.

APPEARANGE OF THE CRE BODIES

The pure magmetite, where exposed, has a characteristic

steely blue colour, and usually shows a rather smooth surface.
The normal colour may be obscured by a "rusty", that is limonite,
stain due to the decomposition of iron bearing sulphides or
silicates. This rustinese is an important criterion for deter-
mining the purity of the ore. A steely blue outcrop is not
necessarily a pure outcrop, because running water wil! remove
the limonite, or, in certain cases, the roots of the mosses may
remove it. Under these condltions, where powous magnetite is

»

found, it may Be due to the removal of sulphides, silicates or

calcite,

_
@ Peare 1V
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INTRODUCTION
GEQLOGY

All the ore oecﬁrrenoea examined belong to the con-
tact metamorphic Sype, that is, they are dus to the intrusion
of the rocks of the Coast Range age into the rocks of the
Vancouver group with consequent mineralization along the con-
tact, usually confined to the 1gtrudad, but in some cases ex-.
tending into the intrusive rock ae well. In most cases
sbserved, the intrusive is a hormblende diorite. The deposite
sye divided into a number of classes which will be discussed
in detail later. ’

gggvTHE CONDITIONS ON VANCOUVER ISLAND AFFECT THE VALUE OF THE

A brief revl&w of how the conditions on Vancouver
Island affsct the v;lu; of the iron properties of the VWest
GCoast will be given. The first problem to be met is that of
iramportuti.on: as stated before, most of the deposits are
within three ﬁilea of navigable water, so if a short rallroad
or tramway were built to the shore, shipments could be made by
water. In order that the ore could be loaded, a harbour 1s
DBCesBATY 80 tho deposit must be on one of the sounds rather
than on the open coast. OCutside of the sounds severe storms
are common from October to Maxch, so it is doubtful 4if at all ~
regular shipments could be made by scow. Special barges might
be used, but even then shipments might be hagardous and uncer-
tain. Barkley Bound is the only sound st present comnected
to the East Coast by railroad, so ore mined on 1t might be
shipped to Port Alberni, the railroad tormin#us. and then

8.
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transhipped. The ore from Gordon.River, Bugaboo and Harris
Greeks, might be shipped directly to Vietoria, if a projected
railroad were built. If ore were mined from any known
ocourrence on the West Céant. it would be a very expensive
matter to market it due to iis fsolation. If a smelter were
established there, essentially the same transportation problem
would heve to be met in taking in coal and taking out the manu-
faotured product.  Barkley Sound»appcara to be the only
location which, at the present time, is at all feasible for such
an undertaking. , .

The climate 1is auch that mining operationa gould be
elrttod on all the year around, _

The next candition to be considereé is the geology.
The deposits are all of the contact metamorphic type, one that
is noted for its irregularity. This irregularity combined
with the heavy soll mentle makes exploration difficult and
sxpensive. leasurement of magnetic properties by the dip
needle or magnetometer may be of value where the drift 1e thick.
but they tell nothing of the quality of the ore, The ore may
belloss valuable for a number of reasons, It may contain ex-
cessive amounts of aulphiden'neoesaitating'roasting, or silioceons
impurities may be present which makee special furnace treatment
neoessary. In some occurrences, oopper minerals are found with
the iron, where these are present in suffiocient quantity it may

pay to concentrate the ore and smelt the iron and coppéer separately.




QLASSIFTICATION OF DEPOSITS

QLASSIFICATION OF MAGNETITE OCCURRENCES

The ocourrences exemined are in the rocks of the

Vanoouver group where they have been intruded by the rocks

of Coast Range Batholith age. The iron ores are found in all
the formations of the Vancouver groﬁp, and in some cases, in
fwo types in the same deposit. vThe typs of ocountry rock
mineralised is ussd i; the basis of classification. Under
Shese hntdinsi thuy fall into fhree groups; depesits in
l1imestane, depesits in voloanics, and deposits in limestone
and voloanies. The table given below shows the distridbution
of the types and the claims belonging to each. In the in-
trusives a marked tendency !er'dioritégta be respconsible for
mineralisation of the magnetite occurrences was noted, but
this rule had exceptions. More acid phasea of the plutonics
wore represented by granites, monzonites, quartz monzonites

granodiorites and quarts diorites.

® Qlapp G. H. Ioc. oity. Mem. No. 13. p. 190.
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9.
CLASSIFICATION BY TYPE
RE
CLAIMS SQML§%E INTRUSIVE MARKS
onqueroxr Nitinat Limestone DBeale Diorite
1ttle Bobs " " " "
Baden Powell n “ " "
. Ro.. [ [ ] n "
Sirdar " v Quartz "
Elijah b B Beals *
Barris Crk.Claims Button (?) * " "
Barita Rv. Nitinat " ' "
Reb Roy Sutton . # 9
Prince mrﬂy . L) " " L erpneee®
Glengarry * v " "o <
Stormont . " . .-
Copper Island Vanoouver Volcanics " "
Crown Prince,
Sechart " " i?;
Darby & Joan | ‘ LA ?
Cascade OUrk. Limestone Volcanics Diorite
Kokshittle Arm " i i°(7) | oures, Fe 9
Handy Creek o " " J
014 8Sport " " "
Bald Eagle " " (1) Y+ (1)
Tidewater : " " Granodiorite
June ’ " ‘ Diorite + (1) Gurre§

Eﬁﬁ:m.f paw
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Goxrdon Rv. :
Bugabook Ork. :
Harris Orxk. :
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]
'
¥
]
]
L4
]
13
3
¥
S W e G de aee o e wund
Barkley Sound :
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CLASSIFICATION BY SOUNDS

Claim
Conqueror

Little Bobs

Eaden Powell

Rose

8irdar

Elijah

David

Harris Crk. Claims

Sarita Rv..
Copper Is.
Crown Prince
Darby & Joan
Cascade Crk.
Hangy Ork.
Bald Eagle

June

' Qlasport
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MAGNETITE DEVELOPED IN LIMESTONE

The ocontact metamorphic deposits in limestone are the
most common type and the one most noted in the literature. | In
general , the statement may be made thet deposits in this rock
have a tendenoy to be purer and more regular than' those in other
ocountry reck. On the West Coast of Vancouver Island the claims
that belong to this group are: Those on Gordon River, Bugaboo
Oreex in the Nitinat limestone including; Rose, Little Bobs,
Baden Powell, Conqueror, Elijah and David; The Sarita RiverCD
claims 8lso belong to the Nitinat limestone. The magnetite at
Head Bay, Nootka Sound, osccurs in the Sutton 11meetone and 1¢

is probsble that the limestone of the claims on Harris Creek
belong in 1¢, but this is not certain. The intrusive
responsible for mineralirzation in this group is, in all cases
observed, the Beale diorite. The effects of the intrusion
are of two kinds, the endothermic or changes in the intrusive;
and the exothermioc or changes in the limestone, due to the |
intrusive.

@ Clapp C.H. Geol. Surv. OCan., Nem. 13, p. 189.

ENDOTHERMIC EFFECTS

In many cases, pronounced endothermic changes are noted
in the intrusive. This effect is not confined to contacts with
limestone, but is also found along contact_s with other rocks,
although 4t 18 usually most markedly developed along the limestone
oontaots. The most common change is a decrease in size of grain
in the intrusive close to the contact. This is oftemn, but not
necessarily, accompanied by darker colour in the djiorite, due to




13,

g&GHEZITE IN LIMESTONE
Endothermic Effects

& large increase in the content of dark ferromagnesian minerals.
In some cases porphyritic phases may represent the intrusive at
the contaot, and it 1s only by a consideration of the mineralogical
composition and ite field relations that iis true nature can be
ascertained.  “Solutions® derived from the magms of the dlorite
f1tself may cause an alteration of the intxuaiv@. These can be
divided into two types, those which act beforé the magma is
oauplotaly.epnaolidafcﬂ, and those acting after consolidation. -
The first oaee has not yet been fully worked out, 8o all the
effeats have not been desoribed, but it seeme probable that the
formaticn of alteration products in feldspars, of "injection
perthites” and of typical contact métamorphic minéralp, as B
primary constituents of an lgneous rock may be due to this.

The alteration of plagioclase to ‘more acid feldspars along the
margins is probably also due to this action. To what exfent

this last stage alteration may bé governed by the position of the
contact 1s difficult +o say, but 4t seems to have a marked
influence in many cases. A detéiled petrographical study of

a suite of specimens from the inirusive close to a contaét’would
probably throw some light, not only on these last stage phenomena,
but alse on the nature of the megma and scxe of the causes of
contact metaﬁorphism. | The lltéiation after consolidation 19w
represented by eﬁidctiz&tion and silicification in the diorite,
of ten along'jcint craoka. Occaniphally garnet may be developed

and magnetite m@y ocour in the intrusive.

@ Poars ¥ A .
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Diorite,Conqueror ¥.C. showing formetion

of new plagioclase (P) along the margins
and within old altered feldspars (F).

Where the new feldspar is close to the

old one or within it, they are in parallel
orientation, but against the hornblende
and pyrocene (M) this is not =o. This

is a common alteration close to the contact
but not to this extent. ‘

A thin section showing the pronounced
schistosity developed by the parallel
orientation of diallage formed at the
Tidewater under conditions of contact

. metamorphism.

TC FOLLOW PAGE /.2
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i MAGNETITE IN LIMESTONE
‘ EXOTHERMIC EFFECTS

| MARMORIZATION
In all cases near the ore occurrence the limestone
has recrystallized. This alteration may be either regional

oy contact, because the limestone is now a series of roof
pendants in the plutonics and no field evidence is at hand to

.~ show whether the limestone was marmorized before the intrusion.

" In its recorystallized form the limestone is of varying texture
fyom grains of almost 1ithographic fineness to some over one inch
a¢ross, showing pronounced polysynthetic twinning. Some
silicates were formed including garnet, (grossularite) diopside
and tremolite, probably by recrystallization of impurities.
Variation in the alteration of the limestone seems, to a large
extent, to have been governed by variation in the properties
of certain beds, although it is very difficult , at present, to

i ascertain original bedding.

SILICATE ZOME

The zones of contact metamorphic silicates on the
West Coast are relatively narrow, none of them are more than a
few feet thick. The commonest product% of metamorphism is a
mixture of garnet, epidote and quartz, with minor amounts of *
other silicates as tremolite and diopside, The dietribution
of the silicate zone is governedby several factors: original
bedding, attitude of the eontaoé and brecciation of the lime-
stone. In many cases the distribution of the silicate zone
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GNETITE IN LIMESTONE
' EXOTHERMIC EFFECTS - SILICATION

; @ is parallel to the original beds of the limestone, suggesting

f a preferential replacement of certain zones due to texture or

| composition. Another important feature is the attitude of the
contact. 4 vertical contact does not seem favourable for |
silication or ore deposition; one exposed on the ELIJAH M.C.,
Bugaboo Creek, showed silicates only where an apophysis of |

the diorite cut the limestone and so formed a trap for the

¥

cantact metamorphosing agents. No very general statement
|| ecan be made from the field observations that a flat contaot

4 favours the formation of large silicates zone, but this would
appear to be a favourable place for mineralizers to escape. The

brecciation of the limestone also to a large extent influences

e 4 i AR A et

the distribution of the contact silicates. Where the breccia-~

} tion in the limestone was widespread the silication seems to

have followed it enolosing blocks of the country roock.

METALLIZATION

In a number of cases, the deposition of the magnetite

was, in part, contemporaneocus with the silication, although it
had é tendency to extend beyond the time of formation of the
garnet zone. The contemporary time of formation of silicate and
ore may to large extent account for the banding observed in some
deposits although preferential replacement of original beds by
silicate and magnetite in most cases was present., If limestone
with 40% Ca O and a density of 3.6 is acted on by mineralizers
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which remove CO, and CaO, and introduce Fe,Q, Feol, 819z to
form a contact rock of demsity 3.0 containing 25% Ca0, depending
on amount of OaO‘removed therc will be a contraction of volume,
and magnetite may be deposited to make up for it. This may
account for the 1rregular banding of some of the ailicates and
ore sbserved in some of the occurrences. The later ‘magnetite
may in part replace the earlicr eilicatea so the relation of
contemporaneously aopasittd‘gagnetitolmny be obscured. The
ogourrence of blebs of silicates in thé,magnet;ts may ﬁe explained
as due to this replacement, or they may represent 1mpu§1t1es in
the limestone, which was being rcpléaed, recrystallizéd un@er the
influence of the solutions deposlting the ore. . ',

01appc%oatu1atos the formation of the magnetite of the
Gordon River Bugaboo Oreek claims as due to concentrated magnetitc
aolutionq, "virtually magnetite magmase * which brecclate the
limestone as a dyke would. 1t the nature of magnetite is
considered, it seems difficult to see how magnetite can exist in
2 monominerallic magma, as magnetite. To the writer i1t would
gseem that these "apophyses® of magnetite represent replacement
of limestone following, rather than cmmh;g, brecciation.
The way the magnetite is formed is shown clearly at Head Bay, ¥,
Nootka Sound. It is found in dyke-like “%r vein-like messes in
the limestone. Actinolite in lenses parallel to the wall, ﬁith
fibres running from wall to well, is found in the magnetite.
The silicates probably represent impurities in the limestone which
during the interaction of the iron bearing solutions with the

@ Clapp C. H. Geol. Surv., Can. Mem. 13 p. 193.

@ Punre (¥
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calcite, were deposited as silioates. In a section across the
magnetite vein a banding can be seen with corresponding similar
bands on each side, suggesting that as the magnetite was intro-
duced as some soluble 1r§n salt, it interacted with the limestone
along the vein and wes deposited. From the distance it had

travelled, % must have been very thin or gasseous,

In the contact depceits, beside the silicates and mag-
netite, sulphides, eapeéially those of iron and copper irom, are
developed. The principal sulphide minerals are: pyrrhotite,

pyrite and chalcopyrite. 511 these are developed later than the
magnetite with the exception of pﬁrrhotite, which in som§7etancea,
may have been formodlcentempcranceuely with the magnetite. The
conditions that control the distribution of the minerasls along the
contact could not be worked out. An example of this is at

Sarita River, Here marble forms the top of a lew ridge with a
general East and West trend. This has been intruded by the Beale
diorite so an undulating, almost flat contact is partially exposed.
At the West end of this ridge, a body of high grade magnetite with
little sulphide is found, but as the deposit is follewed east,
pyrite and pyrrhotite appear, with a corresponding decrease in mag-
netite. These sulphides seem to have a greater tendency than the
magnetite to replace the gilicated gone of the limestone. Another
property is situated about one balf mile east of the large magnetite
body, apparently on the same limestone-diorite contact, although

1% is separated by an area of drift. Here pyrrhotite, chalcopyrite,
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and pyrite are developed but no trace of magnetite is to be seen.
The only explanation that can be made seems to be that the sul-
phides are formed under sultable condition,when the sulphur is

present in the mineraligers in some form.

E_GANGUE
Fellowing the metallization some veins of quartz were
formed. Caleite veins also occur in the ore, a few are mineralized
by ochalcopyrite and pyrite but the majority are not mineralized,
some of them probably being due to meteoric water. B8ome veins of
hydrous silicates are also found cutting the ore, of these
serpentine and chlorite have been identified and probably others

are present.

MINOR INTRUSIVES

Minor intrusives are found in the vicinity of these
occurrences, at the Conqueror ¥.0. a porphyrite dyke occurs cutting
the ore. Small dykes and sills are found at Head Bay, but they
are earlier than the mineralization, because they confine the ore
and are themselves mineralized. These minor intrusives are

probably from the same magma that produced the mineralization.

17.

In certain cases, the diorites are themselves intruded Ey apophyses

of more acid plutonice so possibly some of the mineralizers from

them may have caused alteration in the diorite.

SIRDAR MO,
]
The Sirdar M.C. does not stricly belong in this class,
but 1¢s lecation in the Bugeboo Creek group make this the best

A S L
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place for it. The magnetite here is a complete replacement,

except for a few fragments in the ore, of a roof pendant or block

of the Nitinat limestone by a quartz.diorite.

ORE DEPOSITS ASSOCIATED WITH THE VANCOUVER VOLCANIGS

The deposits associated with the Vancouver volcanics and

apparently not related to limestone, are much less important than
those in limestone, both on account of the larger amount of
impurities and because of smeller size and greater irregularity
of the distributim of the ore. These deposits are of great
scientific interest because they show the variable effects of
contact metamorphism. ?he.voloanic rocks are of two types; flows
and tuffs. Some small beds of limestone may have been included
in the volcanios and}alao, possibly, some 1ntergradinéatypes such
&8 calcareous tuffs, which are known to occur oﬁ Vancouver Island.
The tendency of rock types to approach one anothé% and the intru-
sive in composition during contact metamorphism made it difficult
to identify the original character of the contact metamorphosed
roock.

The difficulty encountered under the microecopé:%ac
even greater, therefore the rocks had to be named on the basis of

»

- limited field observation adjacent to the deposits.

© Dolmage V. Geol. Surv. Can. Sum. Rept. 1920. p. 15A.

(@ Van Hise C.R. V.8.G.8, Mon. No. 47 - "A Treatise on
. Metamorphisn® p. 713,

(® Pirsson L.V. Am. Jour. of Sclence 4 Series vol. 40.
"The Micrescopic Character of Volcanic Tuffs"
ppe. 1912311 (19185)
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The principal deposits belonging to this class are:
The claeims on Copper or Tzaartoos Island; the Crown Prince Mining
Claim, Sechart; The Darby and Joan .C.,Alberni Canal. All

these occurrences are on Barkley Sound. They all show different

chareoters so it is necessary to deecribe them separately.

On Copper Islend, magnetite in the Vancouver volcanics
is exposed close to the summit., The deposits are apparently
related to the Beale diorite, but the Saanich granodiorite passes
very clese to the deposit so oontact effects of it may be suver-

imposed on those due to the earlier diorite. The contact effects

observed were various and will be discussed separately. It is

impossible to discuss these procecses in the order in which they
on s

took place, beocause the ovidcnce{ia lacking.

8 WITH CONTEM iAGNETITE DEPQSIT
One of the most interesting contact effects observed was
found at the very top of the island; here magnetite and » garnetite

rock are found in a banded structure. Cbserved in detal: the thick-

ness of the bands of magnetite and the garnetite was from one quarter
to four inches. The bands of silicates were far from continuous, but
rather consisted of a series of irregular parallel lenses having

the general dip eof the volcanic rocks of the island, with com-
plementary lenses of magnetite between them. The garnetite was

found to consist of a mixfure of andradite and grossularite with

miner amounts of quartz and epidote. The original character of
the voloanies oould not be determined but it was either a flow or
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a tuff., If it were a tuff, the banding might be accounted fer
as a relic of an original bedding structure; even in a flow it
is possible that metasomatism might take this form.

The following is the origin that suggeats itself to the
writer. VWhatever the nature of the originsl rock it probably had
a density very clese to 3.56. The density of the garnetite lenses,
as determined, was about 3.6. If the constituents of a rock
of density 2.8 recombine to form a rock of density 3.6 the loss
of volume is equal to §4§§=g§&§ or about one-third. This is
about the ratic of the e:p;aed magnetite in the banded structure
to the total mass suggesting, that in this case, the formation of
the silicates took place under the influence of solutions which
contemporaneously deposited magnetite to make up for the volume
centraction. That the formation of the magnetite took place
aiﬁultaneously with, rather than later than the garnet, is szhown
under the microscope and alsé by the intimate intergrowth of
garnet and magnetite. A further point in support of this mode
of origin is found if the chemical analyeis of an andesite, the
average volcanic roock of the Vancouver group, is compared with
analysis of grossularite and andradite. A mixture of the two
garnets with the exoception of Cal, 8.0,2nd Fe, O, corresponds
almost exactly to that of the volcanic. The excess of silica °
forms the gquartz of the contact rock. while lime and ferric oxide
have been intreduced. The iron was derived from the sclutions
which caused the metamorphism and introduced the magnetite. The
lime, that was being ingroduced at the same time, was probably
alse derived from the mineraligers, which had obtained it from
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limaétonoa occurring elsewhere in the series on Copper Island.
This absorptiaﬂcgf limestone has been noted in a number of cases.
and introduced to account for sontact silicates in non calcareous
rogcke. This case seems to show very definitely the effects of the

solution where ore is deposited simulianeouely.vxff*" s51/rcqles

BANDED STRUOTURE DUE TO REPLACEMENT OF BEDS

| A banded structure of magnetite and the ailicateé was
cemuonly observed in the depesits replacing volcanice. The bands
were much thioker and more regular than those described as due
to eillcation and contemporary formation of the magnetite.
‘These are apparently &u#%o,metasomatio a0tion on bands in the

velcanioaf;aﬁsome are replaced by garnet, epidote, quartz, diopside

and others by magnetite. It is poselble that, in part, the
action des¢ribed as taking place in the case where the narrow
banding occurs may have been active here, but although the for-
mation of thé magnetite wae in part contemporanecus with the
silicates, seme of it replaced earlier silicate minerals and

~ formed veins in the silicated bandis. Some of the ore alse

shows veins of quartz and epidote ocuvtiting it.

BANDED GONTAOT ROGK

Beside the banded silicates and magnetite banding of °

the silicates alone was observed. One exposure on Copper Island |

showed a rock apparently of volcanic origin in bands six inches

@ Qapp, C.H., "Geclegy of Viotoria and Saanich Map-Areas,
" Vanecouver Island.® Geol. Surv., Can. Memoir 36, p. 50,
Roesler Trans. A.I.M.E. Vo\l. 61, 1918. Pe 101.
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MAGHETITE IN VOLCANICS - COPPER ISLAND

thick. epldotized and apparently bleached, slternating with
bands of sinmilar thickness, consisting of epidote and quartz

with emall amounts of garnet and vesuvianite. The volcanic

- was apparently a tuff because it ie difficult to see how a

flow ceuld bc'aa uniformly banded with such even thickness.

The adjacent bands must have been of very dissimilar composition
or texture to yield such different metamorphic produats. It is
oonceivable that the series might pepresent a lit-par~1it in-
Jection of 2 basic magms with a large amount of mineralizers
inte tuffs. After the injection the mineralizera might escape
inte the porous rock and form the bands of silicates. The
notable absence of amygdnlés is against this mode of formation.

| Besides the banded structures other contact effects
were found. In some cases the andeslites were altered to epidote
aleng irregular lines and then replaced by magnetite. In other
cases, they are feldspethized and silicified, with fragments
of eriginal feldspars remaining. The new feldspars were in all
cases more acid than the old showing the addition of sodium in

some form and the remeval of calcium. .

CRQWN PRINCE M.C.
The general features of the Crown Prince Claim are

essontially the same as those of Copner Island except that in
this case the intrusive is not visible, unless small dykes of

granite cuiting the ore belong to it. The banding of silicates




" the old. 7This processegsin shows the maried introducticm of soda.
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and gangue found at Cop-er isgland ig z2lso found here.

FELDSSATHIZAYIOE OF TUF¥S

Froz their appearmzce in the field, the rocks of the
Crown Prince claim were originzlly tuffs. Under conditi-me of
contact metazorphiss 2 rock resexbling a biotite emeisz 18 »ro-
duced. In thin sectioh the rock is seen to have suffered naried
feldspathization and some comte~pcraneomns silieification. The
eriginal feldspar phenocryets , near n;niesim»hbmﬂarite, are
deeply altered to an indeterminats wixture of probebly, saragomite
and zoisite. 80 they have a marked cloudy aprearance. Taeae
phenocrysts heve bemm sltered tc or replaced by smore acid
plagioclases, near oligoclase-andesine and probebly =ore acid.
The new feldspars occur irregulzrly iz the old and eftex com-
pletsly rerlace thez so all that can be seen of thenm is thelr
fahost® formed by the zolsite-paragonite. In several cases
the nev feldspare were found in alternate twinning lamellze of

Bornblende and pyrema occur in the feldspathized
tuffs. probably oce of theee m an original comstituent of tie

rock. Eeveral ef the -~yroxgnes ooserved had cores of hor=Tlende,
and also hm_s}leuzﬁe rizss eaggesting that perlape, under conditicns
of contact metamorphiss, hornblende may be altered to pyroreme
and that folleowing this the pyrozene =ay dDe uralitirzed.

Actinolite is of later intreduction, and veins the mceaic forued

by the nev feldspars and the quartz. Smell masses ¢f garnet are
alse found in the feldspathized rock and in isclated cases,

small stringers of garnet cut it suggesting that the feldspatiimm-
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tion represented an earlier stage of the contact metamorphienm,
but this 1s not certain.

DARBY AND JOAN

The Darby and Joan claim on Alberni Canal is totally
differeat from the two previously described ocourrences in this
class. The magnetite occurs in a garnetized and epidotized zone
in the rosette porphyrite of the Vancouver volcanics. It is
pessible that the mineralized aree may represent a cempletely
replaced lense of limestone. Wo intrusive is visidle close to
the claim, bu;m;;;wcxtansive alteration of tke porphyrite to
greenstones suggests, that the mineralization may be due to
e concealed intrusive, although it is not impessible that the
metamorphism may be due to the porrhyrite itself. ¥Yaterizl
frem the garnetized zéne under the microscope shows idiemorphic
garnet with interstitial magnetite and quartz. so¢ no definite
conclusion as to the r2lative age of them can be drawm but some
of the magnetite apparently has a tendency to repnlace garnet,
suggssting that, at least in part, the magnetite is of later
formation. The alteration of the porphyrite is difficult to
work out becuwvse of the fire grain of the minerals. The
feldspar phenocrysts are altered to paragonite-zolisite, the
groundmass is now 3 felted m=sa of actinolite and epidote with °
a few grains of some mineral of high relief and low interference
celeur, probably zoisite or clinozoisite. Small garnets are

also found.




DEPOSITS DEVEE?ﬁggTég BOTH VOLCANICS AND
In several cases, both rocks of the Vancouver volcanics
and the Sutton limestone have been mineralized and replaced.
Various of the deposits déacribed in limestone and in volcanics
may belong here, but the occurrence of the other type of reck
can not be recognized due to contact metamorphism. The
Tidewater Copper Company's mine, Clayoquot, and the June mine,
really beleng in this class, but due to several exceptional
features they will be described later. The deposits which
beleng here are: the Sunshine group; Cascade Creek. Barkley
Sound; the Defiance M.C., Handy Creek, Barkley Sound; Waterloo
M.C., Kokehittle Arm, Kyuquoet Beund; the 0ld Sport M;ne, Quatsine
Seund. Where the intrusive is vieible, it is a diéxite, and in
the case of the watorlodci.c. diorite is exposed a short distance

" frem the ocourrence.

In all these deposits the contact metamorphic effects

'thandcd inte both recke. In the deposits on Barkey and Kyuquot

Sounds, there is a marked tendency for the contact effects to be
meré noticeable and far reaching in the volcanics than in the
limestone, probably due to the difference in cemposition and
permeability to solutions. The 0ld Sport group was not visited
but from Dolmagobégdescription it appears that silication is
more intense in the limestone next to the volcanics than in the
voloaniocs.

® Dolmege V. Geol. Surv. Can. Sum. Rept. 1920 p. 21A

(2 Dolmage V. Geol. Surv. OCan. Sum. Rept. 1930 pp. 33B-35B
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MAGNETITE IN LIMESTONE E VOLCAKICS

In the deposits the commonest metallic mineral is
magnetite. Hematite later than the magnetite was found in the
Bark¥y and Kyuquot Seund lecalities. In all the cases,
chalcopyrite occurs which is younger than the hematite. Pyrite
is alse found but its relation to the hematite is not clear.

At the QOlad 8por§ pyrrhotite occurs, especially close to the
diorite contact, and is more or less complementary to the chal-

copyrite.

BALD EAGLE OLAIN
A deposit which probably should be in this class is

the Bald Eagle M.C., Sechart, Barkley Sound. On this claim

ne velcanics are exposed next the ore, but they are found clese

te it. The texture of the ore, the impurities in it, and a

banding clesely resembling that found in ere réplacing velcanios
suggest that it may be a nearly complete replacement of volcanics near
limestone. The limestone, expesed near the ore, has a gone of
silicates consisting of tremolite with miner amounts of garnet and
ebvine aleng its contact with the diorite but no magnetite devel-
oped in it. In the same deposit a mass of coarse granite er
pegmatite consisting of quartz and feldspar, extensively garnetized,
is found next the ore, but its precise relationship to the ore-body
is net clear. Due to the common association of the mmgnetite vilh
dierite observed in the other deposits it is probable that the
mineralization here may be du- teo it.
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TIDEWATER M.Ce

The geology of the Tidewater Oopper Company's mine
at Sydney Inlet, Clayoquot Sound is rather complex, and there are
unusual features so it is made, with the June Claims, Quatsino
8ound, a separate type. The geology is described by Dolmagp‘9
and, in part, the following brief description eof the general
features of the deposit is from his description. To quote from
his description -

"The mountain on which the ore-bodies are situated is
composed of light grey granodiorite up to about
the 1500-foet contour."

Blides of this rook show it to vary from a granite te a granodiorite

in compesition. On the top ef the hill over the ore-bodies
limestene occurs. In contact with it on the lower side are a
series of andesites: _ fhe contact has a shallow dip, and is
slightly undulating. The andesites are, in gemeral, openly
folded but locally steep dips are encountered. Below the andesites
a series of schistose ~opks, wifh a flat dip are found, these were
observed to grade laterally into porphyritic types similar to
porphyrite dykes in the limestone and andesites, so they are
thought to represent contact metamorphosed dykes or sills younger
than the andesites. The ore-bodées occur in the limestone,

andesites and the sill forms as replacements of them.

CONTACT METAMORPHISM OF THE LIMESTONE AND ANDESITE

The limestones are marmorized and small garnets and

grains ef diopside are developed in them, apparently by recrys-

@ Deolmage V. Geol. Surv., Can., Sum. Rept. 19230 pp. 20-31A.
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TIDEWATER 0.

tallization of impurities. Mica, brébably near phlogopite, is
formed in small stringers by the introduction of material.
Locally, the limestone is altered f;:ﬁasses of garnet and epidote.
In the volcanice the commonest alteration noted is the formation
of garnet, epidote, quartz and diopside, in some cases, original
banding of the rock is preserved in them. It was noted that

the volcanics seemed to have a greater tendency to develep con-
tact silicates than the limestone, perhaps due to a greater dis-

Phe lrmpeslong

ttsnanfron the intrusive.

QONTACT METAMORPHIS OF BILLS B

The altoration of the gills could not be workcd out

completely because a complete suite of apeoimona was not

available, however the early stages are suggested by an alteration

obinriod in a pqrphyrite dyke. The alteration of the porphyrite
mny have been, in part, or all, endothermic. The rock has been
aotcd on by solutions which al tered pyrowene to hornbkende. The
basic feldspars, near andesine -labradorite, forming the
ph.noezysth hav§ been, 1# part, altered to a mixtuie probably of
paragonite and zoisite and replacod.by & more acid plngleclase,
near oligoclase. The new feldspars resemble small pegmatite
massés but they are found within the basic ones, and in some
cases residuals of the andesine-labradorite are found in parallel
optical ewlentatiné?in‘thc @ligoclase suggesting a replacement
by tenuous solutions. After this alteration hornblende was
introduced in parallel zones 8o a pronounged gneissic structure
is developed. That this stage took plage in the sills is probable,

@ For a somewhat parallel case see Foye W.V., - Ec. Geol. Vol. 11,

P 668,




TIDEWATER

but a thin section showing it was not available. The next stage
in the alteration of the sills gives a dark green,‘fine giaincd
schistose rock. Under the microscope the schistosity is seen
to be due to elongated light green grains with prominent cdeavage,
showing a pleochroism from green to light green and a high eatinc-
tion angle. This mineral was determined as a pyroxene near

‘ [}
diallage. Miner amounts of quartz and an indeterminable feld-

y

spar were also found.

The diallage léhiat is altered, apparently by sclutions,
aleng channels, the majority of them parallel to the schistosity
but some cutting acrees it. This alteration changes the schist to
& gray; fine grained, cherty appearing rock so all traces of
schistesity are lest. All intermediate stages between the schist
and the cherty reck are present. Under the microscope with even
the highest magnification available it is difficult to work out
the mineralogy of the cherty rock. A mineral, apparently a feld-
spar, but its basicity could not be determined made up the larger,
mass of the reck. A colourless pyroxene and some garnet and quartez
made up the remainder. The whole rock is cut by veins of
celorless pyrexene, near dippside.

The next precess ies a further alteration of the reck by
solutions. This erder is beautifully illustrated in the hand °
specimen. A mass of diallagd schist is altered along certain
lines to the cherty material and inside this a narrow zone of
andradite garnet is found, definitely later than the other al-

@ For a description of diallage eccurring under somewhat similar
conditions see -~Miller, W.J. ~ "The Magnetic Iron-ores of Clinton
Co. N.Y." Eg. Geol. Vol. 14, pp. 514 - 533.

See Pipre Y 8
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TIDEWATER

‘terations. . The next stage is a further formation of contact
silicates so 1ar30 masses of ﬁhq'roek are eventually replaced
by garnet and epidote with miner amounts of diopsido or
hedcnborgitﬁ.‘ The period of metallization follewed and
probably to komc extent éverlappod it.

5Tho f;rst mptallic to be formed was magnctitg, fol-
lowing it bernite uan‘dopasited. Ghalcopyrite was férmod later
than the bornite aa:-oen both under tﬁc microscope and in the
hand lplaimcn.k The order found in the case of thi Tidewater is
esgentlally the eame as that found by Dolmageat the Marble Bay
Mine, Texada Iclnnd; Tﬁo bornite is éammonly replaced along
Jtinti and contact with other minerals, by covellite and
scmetimes chalcocite. The alteration is only occasionally
noted in the chaloepyrito and in ne case obncrvnd; wag the
alteration found aleng the contact of bornite and chalcopyrite,
which, if the covellite were formed later than the chalcopyrite,

would be a favourable place for it to form. The explanation

that would seem to cover the case is that the coppervsulphidas,

" in parj,were formed before the deposition of the chalcopyrite

but that some action extended beyond this time so a little of

@

freshly deposited chalcopyrite was altered.
~ The altdration of the limestone and andesite probably

followed essentially the same order of, formation of silicates,
then metallization but the change could not be worked out in as
great detail.

© Dolmage V. "The Marble Bay Mine,Texada Island,B.0.".
Ee. Geol. Vel. 18, P1. 12, p. 384.
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The complexity of the metamorphic process outlined
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above may be due to emanations from several intrusives below
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the ore-bodies. Endothermic effects in the sills may
agcount feor seme of the alteration in them.

IEE JUNE NINE

The June or Jeune group of claims is about‘four
miles from Quatsino Sound. Limestones and volcanics have been
intruded by a dierite; 2 more acid intrusive ocours near the
e¢laim and it probably is responsible for many of the effects

observed in the diorite, volcanics and linesténc. The con-
tact effects on the volcanics are not extremely marked; some
quartz, epidote and garnet are developed and they are miner-
aliged by magnetite and sulphides. The way in which the mag-
netite replaces the volcanics, along stringers and around grains
is of interest beacuse it suggests that the iron must have been
introduced in very tenuous solutions or in seme form approaching
a gas. HNo very extensive mineralization of the limestone was
observed, but it was found to be largely replaced by clear,
coarse grained quartz, resembling that of pegmatite dykes or

igneous rocks.

REPLACEMEN F_DIOR

The most notable feature of this deposit was a re-
placement and mineralization of the diorite. This process was
noted in ether eccurrences but not Qo extensively develooed as
here. It follewed some lines of weakness such as a joint
orack, so it can be observed in all stages from a narrow line to
one embracing large amounts of the diorite. The first alteratien
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is the introduction of magnetite which, in most cases, replaces
the ferromagnesian constituents of the rock, although it is
rarely found replacing feldspars. This replacement must have
been by very tenuous solutions or by gases because of the
preferential replacement of certain constituents, and due to
the fact that on the polished surface no ¥isible connection
is visible between the magnetite masses. The basic plagio-
¢lase is largely replaced by pyrite and pyrrhotite, in some
cases this replacement seems to have chosen alternate twinning
lamellae in the feldspar. Bornite follewed the iren sulphides
and some quartz veins observed were probably related to it.
Covellite and chalcocite are found in the bernite but in this
case they were ne# observed at all in the chalcopyr;tc, so they
were judged to have formed before the chalecopyrite, which was
later than the bernite. Fine grained quartz with pyrite, in
contrast to the clear, coarse grained quartz related to the
bornite, cuts all the ore minerals. Other non-metalllo
minerals include a dark-green, fine columnar epidote which
appears as an alteration of the plagioclase, apparently follow-
ing the formation of the pyrrhotite. Serpentine is found in
veins cutting the other minerals. It may be an alteration of
the early minerals or of later introduction. )
The origin of the mineralizing solutions could not be
worked out; whether they were from the diorite itself or the
more acid intrusive. It is peculiar that the diorite should be
replaced when ten feet away a limestone occurs, but it is
prebable that the limestone does not extend very far below the

surface.
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MINERALOGY - METALLIC

Before discussing the contact metamorphiem, in
general, the properties of the minerals found and
peculiarities in them will begdescribed; 80 descriptions
%o use in the discussion of contact metamorphism and ore-
genesis may be kept together.

To determine the minerals present and their ages, .
pelished surfaces were prapared of ovei twenty-five pleces
of characteristic ore. The general results will be summar-
ized below under the particular mineral speeies; In the
poliahing of the ore, not much difficulty was experienced.
?he nmajority of the minerals in the seetlon were hard, so
that they could be ground to a good surface rapldly by means
6f a steel lap, ueing "Wellsworth Emery No. 180". It was
found; that if little water were used, and the emery run until
fairly dry, mueh better results could be obtained. After this
treatment. 1% was put on another steel lap with "Wellworth
Emory No. 303", and ground until all the scratches were re-
moved. The polishing was carried on on a steel lap covered
with fine linen, revolving at high speed. OChromic oxide
mixed to a stiff paste with water or liquid scap was the
polishing agent. The surface was held on this lap with con-
-1dgrtblo prnsauro4until the lap ias nearly dry, then a further’

application of the chromic oxide made. Most of the polishing
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of the hard minerals took place when the lap was nearly dry

and in this case the scap was of advantage because it dried more
quickly on the lap. The specimens were mounted on glass slides
with plasticine and examined under a Leitz mineralegraphical
microscope, fitted with a prism illuminater.. An gre lamp
with condensing lense was found useful for oblique illumination
t0 supplement the vertical illuminator under medium pewer ob-
jectives., By means of the oblique illumination, minerzls
which could not be determined otherwise were easily made out,
such as the nature of some of the gangue minerals.

In the determination of the paragenesis of the
minerals in the section, a oonstant difficulty wvags encountered,
due te, not only the hard metellic minersls present, but 2lso
to the hard silicates, such as garnet, which tend to have
{idiomorphic form. VWith these minerals and softer ones in
the same section there is a constant tendency for the softer
ones to be called youngef? This preobably accounts for the
obscure time relations noted between pyrrhotite and magnetite,

The commonest metallic mineral found in the deposits
was magnetite. This mineral has the composition usually written
Fe,0, - H 5.5-6.5 G 5.2; It crystallizes in the isometric
systen as octohedrons and dode hedirone. It is strongly magnctfb
and in some cases has polarity. In the surfaces from

Vancouver Island magnetite is usually the oldest metallic
mineral. In general it is slightly later than the garnet

@ Gilbert G. "The Relation of Hardness to the Sequence of Ore

Minersls® Ee¢. Geol. Vol. 12, pp. 668-873.
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minerale. The size of grain varies from some one-half inch ol

across to some too fine to see, and with difficulty distinguishable
under the micrescope. One difficult thing to account for ob-
served under tho microscope was the different appearnce of grains.
In the case of the claims at Head Bay, NoetkalSound, in one of the
small veins in limestone, the magnetite in the centre ‘of the vein
is much lighter than that at the two sides. No visible impurities
oan be detected under the micrilcopc. Adjacent grains of different
colors nlght.bo soccounted for by different optical orientation of
the plane of the section, as an ootohedralplane and a cubic plane
but no apparent rcaton‘oan be found why, on ogppait: sides of a
vein, a different orientation ehould hold from that in the centre.

The obvious explanation would be asiight ohange in the composition
of the depositing solutions at the time of deposition. Broderick
for & similar cese, but observed in ndjueont'grginl of similar
orientation, comes to the conclusion that it may be due to a

solid solution df Fe ,0, in Fe, O . In the Nootka Socund case
there was not much difference in the etech figures produced on the
surface by hot hydrochloric acid. Unfortunately accurate chemical
analyses could not be made. In i great number of cases, adjacent

magnetite grains had a differemt color, but their orientation

very differently with het hydrochloric acid.
No titanium minerals were found either by etching or

blowpipe tests.

® Broderick T.M. "Some of the Relations of Magnetite and
 Hematite.* EKo. Geol. Vol. XIV. 1919. p.363.
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In several places "geniculated" magnetite was found. Tnié

type was named because of the resemblance to the geniculated
twins of rutile. Examination of specimens failed to show any
simple crystal face in the isometric system, which could form

the t'inningplaac 8o it was concluded the structure was not due
to twinning. One explanation ig that it was produced by inter-
ference of individnglrcrystgln during growth, and the longitudinal
furrows on the individual grains are due to the oscillatory com-
bination of the dodecahedron and the octohedron.

The magnetite with polarity, constituting the variety
lodestone is of interest, because of its ralaﬁivc rarity. 'Two
eccurrences were noted on the West Coast. At the Sunshine group
on Cascade Creek. Barkley Sound, magnetite with a strong polarity
was found. At the Black Prince claim, about one mile from the
above locality, more lodestone was found, its polarity was ;
relatively weak. Pieces from both localities were polished and
etched. The two magnetites were of totally different character.
That from the Sunshine Group polished with a pitted surface. It
was relatively pure with only a2 small amount of quartz later than
the magnetite.rs3r:_ . tended to have a somewhat parallel .
arrangement throughout the surface. On etching, this surface
showed a parallel arrangement of etched bandsw.//pronounced cracks

. ztched deeper between them . e In one case, a radiating
structure was cbserved, resembling that in specularite, but no
herzatite could be found in the section. A similar structure
was found in some of the magnetite at Head Bay even more highly
develeped than this, but it showed no trace of polarity. The
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specimens from the Black Prince M.C. showed & mase of very pure
magnetite consisting of grains from one~half a millimeter to
one centimeter in diameter, intergrown with one ahother.
Apparently when this magnetite was being formed, numerous
centres of corystallization were set up 80 the equidimensional
graine grew until they interfered with one anofher. ‘The faces
represented are, therefore, not crystal faces, but contact faces.
Under the microscope the grains sppear different colors, and on -
etehing the coler,contrast is greater. Nosming is observed
within the grains.

8peculerite or spécular hematite occurs in several
places. Under the microscope 1t shows needle like forms which
are not as easily etched, by hot concentrated hydrochloric acid
as the magnetite cryetals. In all cases, where found, the
hematite fomed later than the magnetite with needle like pro-
jections cutting the grains of magnetite giving angular outlines

to the pieces. For a semewhaf ginmilar oeaurrcnoc,-arodericke

@ loro octobodrg [ plr7%s -

suggest these may be replacements of magnatite. The relation to

the sulphidee is not clear, except in the case of the Waterloo

M.C. where the chalcopyrite is younger. In all cases the

'speéularitc was formed by magmatic solutions or alteration.

of earlier magnetite under deep seated conditions. Itoould o
not be formed by weathering because of the unoxidized condition
of the sulphides near it. Some of the hematite was slightly
magneti¢ic but thie is probably dueto included magnetite.

o Broderick T.M, "Bome of the Relations of Magnetlite and
ﬁimﬁ.‘b." mﬂok Geol. Vol. 14, 1919, Pe 382.
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Pyrrhotite was found to be the most common sul-
phide in the deposits. In certain cases it was found to | it

sonstitute practically the entire mineralization along the i

contact as at the small occurrence, described on Sarita River.

On the polished surface, the mineral appeared as; veins in the
magnetite and garnet, or as disseminated grains in them. These
small grains never showed cryetal boundariee and since they

¥

were almost structureless as visewed under the microscope, it
was very difficult to determine the relative ages of the
pyrrhotite and the enclosing hard mineral. The hand specimens
where the pyrrhotite ocourred as stringers often proved more

vsluable in tolling the relative age than the polished surface.
In general ﬁho conclusion arrived et was that the pyrrhotite
was in most gases léter than the magnetite.

| Pyrite occurred as stringers in the ore, as a
filling for joint cracks, and as disseminated é%ains with a
strong idtomorphic tendency. In some cases pyrite of several
generations was found. The most usual occurrence was for it
to be just later than the pyrrhotite and ocourring as veins
in i%, however shen pyrrhotite did net occur pyrite often did,
in which ocase ft occurred as grains or veins in the magnetite
and garnetite. In some gases the pyrite occurred after
ohaléapyrita asgociated with veins of calcite or quarts; but
it wasmore unuai for it to precede the copper iron sulphide.

Chalcopyrite belonged to the last stage of sulphide

mineralization, except when emall amounts of pyritsvappe;r

of later formation. Under the microscope this mineral is

easily recognized by its softness and color. It is almost
0 Az




PLATE VI. TO FOLLOW PAGE J&

é

_ i
i
1'k;?LJ ' »%:

| X 120
i
i
- il
o A,  Camera lucida drawing of section from June. i
Mine, showing forms of pyrite (P) replacing s
pyrrhotite (M). The tendency to develop :

idiomorphic form is noticeable. The
spherical structure seen in the two grains
was noted in several places, but it could
not be explained.

Fig. B. June Mine. Magnetite (M) showing
idiormorphic form replacing calcite (C)
interstitial to idiormorphic grossularite
(G). The magnetite is also replacing the
garnet.




| 30.
MINERALOGY - METALLIC

¥ 4 5
g EL

entirely structureless and seldom shows orystal fordes, then
usually against a soft mineral such ae calcite. In some

capes where ocut by later quartz veins the line of the veins
showed curious angular displacements suggesting a following

of some strueture'as cleavage or parting, but sipee‘it is
negative teo the usual reagents, it was not etched. One peculiar
struoture between magnetite and chalcopyrite was noted at the
June group of alai#e. Here masses of magnetite were found which
showed in cross section, concentric elliptical bands of chalco-
pyrite. The whole structure was about four inches across the
mejor axis. Under the mioroscope the ohalcaﬁyrite was seen to
‘be definitely later than the magnetite. The only explanation
that would scem at all feasible is,that the magnetite was formed
and'then subjected io stress s0 concentric lines of weakness
were formed. Later oopper bearing solutions came along ahd

tock advantage of this to deposit.

Bainite was found only in the two localities, namely
the Tidewater and June. In both these localities it was definite-
ly sarlier than the ehalcOpﬁxite a2lthough at the June one
eccurrence suggested a later generation of bornite but the
evidence was not conclusive and it was met only in one place in
one section. »

| Govellite and chalcocite were found ae’ﬁ;z;éry>minerals
in the bornite. They occurred as small stringers Aﬁéﬁééine in
the bornite, sometimes apparently parallel to the octochedral
cleavage of that mineral. The evidence would point to the
fermation of the covellite and chalcocite, before the intro-

duetion of -the chalcopyrite.
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Galena was found as small cubes in the altered lime-
stone at the June.

The above list constitutes the primary metallie
minerals observed in the magnetite ocourrences. In general
the average paragenesis of the minerals for all the deposits
would be magnetise, y:_-rhatu-, pyrite, bornite, chalcopyrise.
Leoally there might be vakiations, but this list, except feor
the bornite, ecorresponds to Clapy' s@nst for BSouthern Vanoouvery
Island. |

© Olapp, O.H., QOeol. Surv., Can., Mem. 13, p. 168.
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In the case of the non-metallics, the paragenesis
18 more difficult to determine because thin sections of the
coniaot metamorphosed products were not awilable. The
fdentity e; the transparent minerals was determined by in-
speetion and by the examination of powder in oil using Laracn’s@
tables., A few were determined by their optical properties in

thin seotion, where these were available.

@ Larsen E.S. "The Microscopic Determination ef the
Nonopague Minerals®
UCS'G.S. B\ﬂ-l 679 - 1931-
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Garnet is present in the deposits both in massive
and in crystal forms, showing the dodecahedron, and icositetra-
dron. The commonest form that occurs is the red caléium iron
garnet, andradite. The calcium aluminium garnet, grossularite,
ocours quite commonly but does not form as large bodies as the
endradite. Quite often the two minerals ococur tdgether and cén
only be separated under the microscope, by the different indices
¢f refraction. Tha garndt does not show preference for any
%ype of intruded rock, but apparently developed cgually well
in any of them. In general, garnet appeared to have been formed
before the metallic minerals were deposited, but probably in
most cases there was aamelevorlapping in their time of formation.
Epidete is another very common constituent in the
contact zone, ocourring often intimately mixed with the magnetite.
More cften it occurs as an alteration of the volcanic rocks
invaded, often extending long distanses from the contact. It
is quite often found as alteration of the intrusive rock,
especially alang fissures. No attempt was made to distinguish
epidote formed by Pcontact metamorphiamé? and that formed later,

“ag in fissure veins,"
In the amphibole group actinolite and tremolite were

>

found in some quite large crysials but they did not occur as
plentifully as the epidote. Some hornblende may have been
formed by contact metamorphic process, but it was found impossible
to distinguish between the product of gontact metamorphism and

the product of normal uralitization.

o Lindgren W. ‘"Metasomatic Processes in Fissure Veins®
h' A'I.KQE. vo1o 30, pp0610—611 - 1901.
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In the pyroxene group several individuals were
found. Diopside is of quite common occurrence in the contact
metamorphosed volcanics, but 1t 18 quite easily overlooked in
the field. In several localities a dark green mineral
resembling dippeide was found, probably hedenbergite or an
intermediate mineral. No wollastonite was observed but
Belnaseciopertn inme from the West Coast.

Bome vesuvianite was found under the microscope in a
mass with epidote and quartz.

Chlorite and serpentine were observed in a number of
places. They occurred later than the ore and in some cases are
probably secondary, forméd by the alteration of earlier contact,
silicates. Exact relations of these were difficult to determine
due to their softness and tendency to be removed during the
polishing of surfaces.

In several cases under the petrographical microscope
small grains of minerals thought to be clinozoisite or zoisite
were found. On account of the high magnification required, it
could not be distinguished whether the extinction was parallel
Or nearly 80.

Quaitz is of very frequent occcurrence in the deposits of
the West Coast. It is found in the masses of contact metamorpgosed
rock containing epidote and diopside. It also occurs as veins
cutting the ore in many of the deposits and is later than the
majority of the mineralization although it is occasionally found

with pyrite.
o Dms‘ V.H. G.S.O. sm. Rept. 1930 P- 15A
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Calcite occurs as residual fragments of limestone in
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the contact metamorphosed rock and ore and also as veins cutting

the ore gone. Some calcite crystals found were due to recent
solutions and deposition from meteoric water.

Titanite was observed in several slides of both the
igneous rock and the contact metamorphosed product.

Plagioclase near olijoclase and more acid was found as
an alteration product in some of the slides. The new feldspars
seemed to be developed in the older more basic ones vewther by
the replacement of the eld feldspars bodily by the new ones, or
by the removal of lime and addition of soda to the more basic

ones.
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Before discussing the contact metamorphism of the
magnetite deposits it is as well to review the existing ideas
of this process and the definitions of the word. The word
uotamorphiqm is, itself, a much_abuaed term; 1t has been
definﬁd by various authors with various applications so now,
when metamorphism is mentioned, the exact meaning of the
author h;a to be judg;d fiom the context or from a definition.
Oontact metamorphism has also suffered from the usages imposed
upon‘it‘ The defihitioﬁwadopted by probably the majority
of geologiets is. | _

*centaot metamorphiem comprises all metamorphic changes
due to contact with or proximity to any body of
eruptive (igneous) rock, the new crystallizations not
being definitely directed by dead weight stress."
This definition is Sbviously intended to include the alteration,
where maddrials are derived from the magma. Certain geologists
would confine contact metamorphism to the effects due to heat
and wimeralizéra wiihout acosssion of maferlal Itm the mages;

O

this effect is usually, simply called recorystallization. The

case where much material is contributed by the intrusive is called
contact metasomatism. Barrelf@further divides the metasomatic
processes into, pneumatolytic and hydrothermal, depending whether
the emanations are above or below the critical point for water’
vapour. Probably one reason for the confusion in the definitions
of contagt metamorphism and its phases, is the diffigulty in
determining which process. was the one most active, and so one

o gm—

© Daly R.A. "Metamorphism and its Phases". Bull, Geol.,
Sooc., of Am. Veol. 38, 1917 p, 405.

& Barrell, J. *Geology of narysville/éining Distriot
Montana." U.S.G.S. gggf. Paper No. 57, pp.l1l16-117,
1l .
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term is used to cover the several processes. In the same way,™
the distinotion between pneumatolytic and hydrothermal alteration
is very difficult to make so that, in many cases, these terms

are used interchangeably.

REGRYSTALLIZATION

| There is a disagrgament‘among'geolégiats as to the
relative importance of the different processes of contact
metamorphism. Recrystallization, or the case where not much
material has been introduced from the magma, has been proved
in a number of cases. By this process limestone is altered to

" marble and shale to hornfels. The producte of recrystallization

along igneocus contacte are so similar to those which are due to
the less severe regional metamorphism that it is often difficult

' to separate the two effects. This may account for the overlooking

of recrystallization under conditions of contact metamorphism.
Another reason for the overlooking of recrystallization is that
the alteration, by emanations from the intrusive, is usually
much more striking and also due to the fact that they may replace
or alter the recrystallized material.

The effect of introduction of material from the magma is
usyally so striking that all geologists must admit its importance
in the formation of the contact zome. To discuss how the
emapations from the magma are given off to the gontact zone, and
the azxgin of the mineralizers it is neceesary to follow the




CONTACT METAMORPHISM * GENERAL

changes in an intrusive from the molten state to consolidation.
If a normal magma ie started with, it is thought that it has a
large quantity of gases assoclated with it such as; chlorine,
water vapour, carbon dioxide, fluorine, sulphur, and other volatile
constituents, which reduce the fusion point of the melt and the
visgosity. It ie well known that in the crystallization of
igneous rocks the acoessory minerals, magnetite, pyrite,
pyrrhotite, rutile, titanite, ilmenite are the first to form.
The first orystallization of the metallics has always been
difficult %o explain because the same magma may form ore-bodies
frem its mineraligers, as a last product. OJertain geologiuts?
against the evidence of many petrographers, would even reverse
the order of aooe:npricl first, and msmke them of later intro-
duction by the mineralizers.

The processes advanced as the most prominent in the
igneous rock magma are; magmatic differentiation due to liquation
and the principle of supersaturation above the amount necessary
for the formation of eutectics. To these may be added many
minor processes which have been postulated for the formation of
peculiar rook types.

If the rigid principle of the formation of eutectics
is held, it is almost impossible to account for some igneous réoks.
As an example, a chip of a rock from Olifton Point, Copper Island,

© Tolman,C.F., and Rogers, A.F. "A study of the

$ic Sulphide oFes. 4 Stanford Unily, Publication
19% PP. 20-31. Review Ec. Geol. Vol. 13 PP 6233-837.
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showed phenoorysts of quartz which was the first rock formking
mineral to ocrystallize. Plagioclase phenocrysts were formed
mext, and the quartz was corroded and embay.ed and then a
micropegmatite which apparohtly altered the feldspar made up

2 S S P e ST b e SNt

the groundmass. This case demonstrates how an eutectic may
be pasged and a mineral deposited which is unstable in the
remainder of the magma. Vogt’ points out the tendency for
the glass matix of & reck te approach a eutectic camposition.

This oscillation about eutectic omposition demonstrates how
the "eutectio® may not be in equilibrium with the already
deposited minerals which explains why & rock may be altered
by 1ts own "eutectic juices.” Gclanfgbelieves that the last
stage residium, approaching a entectic, may with the mineralizers ,@

produce important effects on the already formed minerals such

as; the formation of "injection perthites”, and the formation
of actinolite, brotite, chlorite, at the expense of earlier

ferromagnesian minerals. In the case where the end stage

product extends into the intruded rock, its importance cannot
be overlooked. This tendency toward the formation of eutectics
would account for the rather notable tendency for the contact
zones along different intrusives to be rather eimilar, a fact which
has been urged by a number of supporters of the recrystallization
hypothesis as a strongfargument for similar impurities in the
@ Vogt J.H.L. "The Physical Chemistry of the Crystallization

and Magmatic Differentiation if Igneous Rocks"
Jour. of Geol. Vol.31,1933. pp.333-252 - pp.407-419.

Crystalligzation of an Igneous Rock"
. Jour. of Geol. Vol.31, pp.1689-178.
@ '7742‘/? —
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intruded rock so that similar silicate contact zones are
formed.

The changes in the magma show a tendency toward an
equilibrium from the molten state until 1t is consolidated.
The proximity to an intruded rock will have a marked influence
en the proecesses which go dn in the magma, so variations in
the intrusive may be noted. Fine grained contact facles due
to rapid coeling, caused by the escape of mineralizers or
ehilling because of the proximity of the intruded rock are
ocommen. Porphyritic facies or marginal facies of different
composition may be due to the absorption of wall rock upsetting
the equilibrium in the rock. ~ - -

i

: —__This absorptieﬂ?af wall rock, especially limestone has

been noted in many cases with the resulting production of
peculiar rock types. It seems probable that this interaction
would modify, to a large extent, the content of the mineralizers
and alsc cause their emanation to be somewhat irregular.

The effect of the intrusive on the country rock is

usually so much more noticeable than the endothermic effects,

that contact metamorphism is often applied to thie phase alone.

- After the magma is in place in the intruded rock, and as

>

consolidation begina, a heat wave trarels out; this wave in some
cases, produces a recrystallizion, and a general readjustment of
the country rock. It travels out slowly and the temperature

@>Ba1g R.A. "“Cenesis of the Alkaline Rocks. " Jour. of Geol.

¢l. 26. pp.97-134,
“Origin of the Alkaline Rocks."

Jmo Of G‘Q@lo Vol. 21, pp087"118¢
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gradient is steep, so that before it has travelled a long distance
a considerable part of the intrusive had consolidated, so theie is

e L e 5 e T

a collecting of the last stage of crystallization product, and the i
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mineralizers which are released and enter the country rock. The

reasons the intruded rather than the intrusive rock is attacked,

&5 Rz

are two, chemical and textural. The emanations are derive d from
the intrusive and as 2 result are more nearly in equilibrium with

i,

Lo

1%, s0 they prefer to attack a rock of another composition.

- _ .. However, as shown in the consideration of the processes

i
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in the igneous rock, the mineraligzirs' may not be in equilibrium
with the intrusive, and so it may be attacked. The texture of

the intrusive is usually close grained, while the country rock
is relatively porous either, as an original character, or due
to the heat wave from the intrusive.
In individual deposits variation in the composition of
the emenations may be traced by the order of deposition of the
| minerals. No rule seeme to hold except that, in ganeral the

more acid emanations precede the more basic ones, but exceptions

to this have been noted many timen,'even in the one deposita.

On account of this variation in the contents of the emanations

? especially those working on the iron-ores of

s

several authors
Eastern United States, have postulated the differentiation of °

Y R g

the last stage material and the mineralizers into two poles,
one acid and one basic. According to this view the more acid

© Oelony R.d. 'ﬁagnetitn Iron Deposit of South Eastern New York®
New York State Museum Bulls. 2349-350. 1938. :
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pols would represent a normal pegmatite, using it as the name

of a product about as acid as sgranite, and the basic one would

centain the iron and other basic metals. They use pegmatite also ;Q

ag & name for the basic d&ffeiﬁiate, which is unfortunate because
it leads to confusion. In the case of the contact metamorphic
magnetite there is not the striking evidence for differentiation
of the mineralizers and the last etage residium infto poles; but
the 4wo types seem to come off together. The reascn why over-
lapping of the solutions is commen, will be discussed in connection
with the oontact metamorphism on Vancouver Island.
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FORMATION OF SILICATE ZONE - VANCOUVER ISLAND o3 ”
CONTACT METAMORPHISM ON VANCOUVER ISLAND - FORMATION OF it
ICATE ZONE. . 1

In considering the contact metamorphism of the ,ﬁ

magnetite occurrences of Vancouver Island, the type of field- )§
work done wmust be berne in mind. A series of isolated occur- -;
rences were examined; the purpese of the examination being §§
| mainly economic so the work wae confined to a limited area close i
- to the ore hodies. The lack of broad field work made it relative- :%
1y impessible to determine the order of some of the processes g
on a broad field basis. | E
Taking the occurrences all together, it is impossible E

to find evidence of racryitalliaat&pn without addition of material éé
exoept in the case of the limestone which was marmorized. {M
this recryutalllzation may bave been due to an earlier regional ;%
metamorphism, but in certain cases, a gradual increase in sigze of ;%
grain as the intrusive contact is approached suggeets, that al- fﬁ
though £ may have been altered to marble by regional metamor- ?
phism that it subsequently was recrystallized under the influence éé
of the intrustve. 1
The action of emanations from the magma is much more %

important both as a contact metamorphosing agent and as the ‘g
source of the metallic minerals of the contact zone. A noticedble . | .%
feature of the deposite of the West Coast is the small size of é%
the garnet zone formed. In many occurrences elsewhere, the garnet ;%
gone forms important rock unite in the contact deposits, along %g
intrusives of the same basicity as those of Vancouver Island. %@
The only explanation that may be advanced is that the magmas f%

i 2 i
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which produced the contact metamorphism were relatively high

in irea bearing mineralizers so the zone due te the more acid
pact was not large. !hat some of the more aoid preducta were
present is shown by the formation of some silicates and the
alteration of the basic faldipars of thé intrusive to more

agid forms along the margins and cragks. Thesa emana tions

ave characterized by their high contemt of, sodiu@ﬁ in some form,
and of silica. The other aamman'olemanfa are aleo prebent, but
they are subordinate in amount to these in their effects. In
$he limestone contact gones othnéenxer Island, minerals con-
taining soda are relatively rare although soda lime feldspars®
are found in some cases, but in the contact zones o£ other form-
ations the albite molecule is often noted. The reason for the
small amount of soda in the limestone is that more ﬁtable
compounds can be formed with the lime and iron, so the soda
passes out and may reach the surface as sodium chloride which is

often noted in fumarolic deposits.
The deposits associated with the rocks of the Vancouver

volcanics show fairly wide zones of alteration. The volcanics are

of about the same basicity as the rocks which intrude them, 8o
their alteration may be very eimflar to that which goes on in the

igneous rocks. For this reason, the formation of more acid feld-

spars at the expense of old ones ih the contact metamorphiem of the

voleanics, is ascribed to the same cause that produces the

alteration in basicity of the feldspars in the intrusive, that is,
1% 18 the result af the end ltage produuts of the final consolidation

© Clapp,C.H, Gael. Burv,, Gan.len 13 p.49.

@




FORMATION OF SILICATE ZONE ~ VANCOQUVER ISLAND

of the igneous magma. During this feldspathization, some

silicification takes place, showing that the solutions must
have been rich in sodium and silicon. Later then the felds-
pathigation, and probably under more intense metamorphism,

there is a change in the character of the mineraligers, so they
eontain more liwe and iron and the "contact silicates" are
formed. The lime may have been derived from the magma or
perhaps from limestones, through which the mineralizers passed.
Under oertain conditions, the magnetite appears to have been
injreduced with the contact metamorphosing solutions, but in
general the acid solutions tend to be first: In the Tidewater
seyeral cyocles were goneé through. The first was under the in-
fluence of the acid sclutions when feldspars were formed.

During the next stage, these materials, introduced, were
removed and magnesium iron and lime added to form diallage.
After the formation of the diallage, some of the components
were removed, and soda reintroduced to form feldspars again.

<~ — — —Following this andradi te yhioh required a large
accession of iron was forﬁed. The complexity of the alteratioms
at the Tidewater may be due to emanations from several intrusives

or to reversal in the character of emanation from one.
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RELATIO ILICATES TQ MAGNET

As noted previously, there is no fixed relationship
between the time of formation of the silicates and the magnetite.
Ig the ocontact deposits of Vancouver Island, there is no evidence
for the differentiation of the material from thermewalize~into two
peles. Acoording to the prevailing notionr of the nature of the
mineraligers and the end stage products eof crystalligzation, they
are charseteriged by their mutuel so0ldibility and motility. These
properties seem to exclude differentiation by processes similar
t0 those in the magma.

A theoretical explanation may be given which seems to
satisfy the observed irregularities in the emanations. From
their nature, it seems probable that the agents producing contact
nétamorphism colleét within the margin of the in:trusive.

Contact metamorphism is generally supposed to take place at such
a depth that open fragtures cannot exist in the rock, therefore
the minersligers must escape by the incipient or miscrosopic
fractures in the intrusive. Due to the fine character of the
eracks they act similiarly to porous porcelain, that is, the
solutions must diffuse through them to reach the intruded rock.
It is also probable that some diffu sion may take place through
the messive intrusive itself, but no experimantal results bearing
on this point are available. All elements and oxides do not
diffuse with the same speed; in goneraiothe lower the atomio or
molecular weight of the substance, the faster it diffuses.

/

@ For gases and dilute solutions this rate equals X

Wallace J. "Introducsion to Physical Chemistry®
1019 p.89.

molelcular weight -
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- RELATION OF SILICATES TO MAGNETITE

This would aﬁply either in a2 solution or in a gas. The effect
§: this would be that the mineralizers containing the lighter
elemthts as sodium ahd silicon woﬁld diffuse ouf more rapidly
than the mineralizers with the heavy bases and‘ireéi As a
result the mineralizers which produce the silication iwuld act
on one spot much before the baegic emanations arrive, The time
interval between the silicataﬂ,&nd.mngﬁetite would vary with the
dbstance the minerals had to diffuse and the place where they
were given off so, under certain conditions, the magnetite
depoaiﬁing and the silioating mineralizers may be oontemporaneous
in their sotion. |

Besides the rate of diffusion other properties of the
mineralizers will influence the formation of the contact zone.
One of these is the concentration of the'maferial in the zone of
reaction,and the other is the chemical activity of the elements.

The more chemically active eleménis are,uthase of lower

atomic weight, and they are also the ones that diffuse fastest.
These elements reach the zone of contacti metamorphism first, and
8o begin to reaét so theic concentration im the zone is reduced,
but due to their high rate of diffusion a eteep concentration
gradient will be maintained and there will be a relatively rapid
renewal of material, In the case where the elements of higher
ataﬁic weight are present they reach '.. the zone of deposition,
but due to slower rate of diffusion the concentration cannot be
maintained. 8o, until after the concentration of the chemically
more active elements is reduced, there is no chance for the less
active ones to deposit. It can be seen that with an easily

@ Syilgvan E.C. U.5.G.5. Bull. #312 - pp. 7-9.
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RELATION ©8 SILICATES TO MAGNETITE

replaced rock such as limestone,that the effect on the siliceous

emanations will be most rapid so they will, in genéral, form the

A e R TR AR L SR

silicated zone before the magnetite is deposited. This accords

with the faets because in the deposits in limestone, there was a

greater tendency to have the silicate definitely earilor than the

magnetite. In the volcanics the presence of silicates already

4n the contact zone may allaw the magnetite to deposit before

or contemporaneocusly, nith'anme of the silicates. By the Mass
Law the high concentration of silicates would tend to inhibit
deposition of further silicates so even in the presence of the gg

agid emanations magnetite might deposit. ;;

The later introduction of the magnetite may also be W
explained mochanieglly by this process. The acid emanations may
diffuse out, and then the magnetite solutions be depoeited in
another place or relatively wide solution channels may be
established, so 1t oould pxess out by ox%ﬁnary flow.

-
. O
]
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The chemistry of the deposition of magnetise is dis-
cussed following the discussion of the silicates, because of 1

its general tendency to form later thnan they. As an intro-

duction, a brief éiseusﬂion of the chemical properties of

magnetite is glwnn . |
In composition magnetite usually conforms to the

general formula Fe , O, or ferreso ferric oxide. As represented

by the formula, magnetite contains 73.4% iron, and 27.6% cxygen.
It often differs from this theoretical value even when pure,
due to 1ts ability to form selid solutions with ferrie oxide,
hematite. To qugye from "The Oxides of Iron,“@~ ‘ g;

“Ferric oxide (hematite) dissociates at high temperatures, 0
giving off oxygon and leayving a homogeneocus preduct which o
. may be considered as a s0lid soluticn of magnetite, Fe, O , i
in hematite (Fe. O, ). The proportion of magnetite in i
the product depends upon the temperature and oxygen pres- i
sure above the oxides. The lower the oxygen pressure, and i
the higher the temperature, the more magnetite isfound in it
the solid solution. The reaction is strietly reversible !
for magnetite readily tekes up oxygen at a temperature of

3000 until the equilibrium proportion at the temperature
in question is attained. Magnetite is therefore chemically
unstable under atmospheric conditions, although it may
remain unoxidized for long periods.”

®
The meliin oint of magnetite is 153890 ., which is different
from that gpreeltex@whgngivea 1190°- 133560 which is obviously

too low because m@gﬂet&te formed on fhe lining of a copper con-

By

w» o,

verter ies not meltéd at this temperature.
A

© %The Oxides of Iron' The Carnegle Institution at
Washington, Year Book No. 15,

1916, p.137.
@ Hodgeman and lLarge -~ ‘“Handbook of Chemistry and Physios®

@*%Data of Geochemistry" - U.8.G.A. Bull 695, p.387.
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FORM OF IRON IN MINERALIZERS
Just what form the irom is in in the magna is Gifficult

to say. The average compositloﬁge! igneous rocks shows an excess
of ferrous over ferriec iron, and, therefore, probably much of
the iron in the mineralizers is in the ferrous form. The for-
gation of nagnetite(as an early product of corystallization in
the magma sbows the presence of the ferrous as well as feirie

irem. The two times of formation for the irom. oxidsl may be
assumed to be due to iron in two forms in the magma; one of
which forms the rock minerals, and the other goes into the
mineralizers in some form. This is probably a ferrous or ferric
fluoride or chloride or a mixture of them. The emanations are
f4hought to be the iron halides because these elements show
strong chemical affinity and are fairly stable. The halides are
known %o occur in the magme by the presences of minerals contain-
ing them, and they are also common in volcanic emanationa?
From the predominance of ferrous iron in the consolidated rook,
some geelogists@have argued that the iron in the mineralizers
ie in the ferrous form, and that the high ferrié oxide content
in the contact zone, is due to oxidation by limestone. Follow~
ing this explanation, one would expect that alonrg intrusive
contacts with non ocalcareous sediments that the ratio of ferreus
to ferric oxide would be greater than in the limestone contact
gzone. The composite atraight«line dia.grama of the ahangéa in

o Qlarke F.¥. wash%ngton H.8. “Avera%o oompoaition of

Igneous Reok. 1%32%%2?1 Aca%éag. 8¢. Vol. 8 #5,

£ "Data of Geochemistry”. U.8.G.85. Bull. 895. p.ase.
(5 Butler, B.0. "A Suggested Explanation of the Hign Ferrioc

@ ent of Limettant Qontact Zones." Ec.Geol.Vol.lB.
. Jxade 6“" op. 398-405.
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GENESIS OF THE NAGNETITE

regional and contact metamorphism in "Metamorphic Geology"

by C.K. Leith, and W.J. Mead, were compared. They show that
in almost all types of katamorphism #hat there 1s an increase
in ferric oxide'eontqnt, especially when there is a relative
inorease in %total iron. The only marked exception is in the
case of the contact metamorphism of clayes and slates, Plate 10,
where, when there ie not much increase in total iron, the ferrous
exoeeds the ferric. The study of these plates shows that, in
genéral, the conditions that obtain in contact metamorphism,
are such that ferrio oxide is formed, whether by introduction
of ferric ealts from the magma, or by oxidation of ferrous
salts which would be subject to the same conditions as the
introduced iron. ‘
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- QRE _PREQIPITATION BY LIMESTONE

The Chemistry of the formation of magnetite in con-
tact zones has been discussed in several places. Leith and
Harder in the 'Ifon Ores of Iron Springe District, Utah®,
V.8.G.8. Bull. #338, assume the iron was introduced as ferrous
chloride and write the following eduotion.

3 Q1, ~+«H, C = Pe, 0, - sHO1 - H.
lagnetite is soluble in the hydroohlexic acid, so it could not
precipitate until the concentration of the aeld is decreased
by interaction with limestone. It may also be lost by diffureion”
because it tendas to diffuse much more rapidly than the iron
oxide through porous rogk. 'Luith and Harder exelude ferxic
chloridg from the reaction because they say it can only form
ferric oxide, by the following reaction?

:P¢ 0L, - Ca GO, = Fe, O, «Ca 01 . 300,
It seems probable that thim does not represent the only reaction
that takes place in the contact zone. With a reducing agent
such as carbon, the oarbon dioxide may be reduced.

¢ ~80, - zZ G0

This reaotioﬁadoel not take place at all at temperatures below
800° O. but at 800° C. 1t progeeds rapidly. With CO in the
~contaot zone, the ferric oxide will be altered to magnetite b;
the following reaction:

3 Fe, O, QO = zFe, O, ~ co,
© S#llivan E.C., U,S.G.S., Bull #312, P.10.

@ Winohell A.N. "Petrograpbic Studies of Limestone Alteration
at Bingham." Trs. A.I.N.E.  March, 1834.
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More data is available for this reaction as shown
by the follewing ourve.éa

3
N

; i
g 3 8 8 & 88 ¢% § & 353
',z—‘

PrepeEs (oo rreFPROL

Tt %

A% B00° only about 35% CO by volume 18 required to reduce the
hematite. 7The ferric oxide would not be completely converted
%o the ferrous oxide, but the works of Sosman and Houtettorép

shows magnetite would form.
As the curve shows, at 500° the maximum concentration

of CO is required to affect the reduction of the ferric irom

and since this is also below the temperature of the free formation

of CO by carbon hematite is the most stable, so it is formed.
The upper limit of temperature is more difficult to
define. The oritiocal points of many minerals in the contact

gone have nos been determined. One mineral which ocourred in

the contaot deposits on Vancouver xaland,tromolitéjeannot for;
above ioooo - 1100° , so the probable temperature range is

from 1000° to 800° with a probable preference for the higher emd
Ty, e et ML L AT e

Air", Journ. Am. Ohem. Soc. Vol. 38 pp'807~833%1198-1198.

G Allen & Clement. Am. Journ. of 8c. 4th Series. Vol.38,
p. 101, 1908,
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because, there, magnetite can form moet easily. Hematlte |
forms close tve 500° or lower. “

An attempt was made to find the conditions under
which sulphides form, but no definite information could be
found. Investigation of the sulphides, as of the iron oxides,
have not been made because they are not so important in iron
blast furnace practices. The only conclusion that could be
drawn is thﬁ pyrrhotite the ferrous sulphide, can form at a
higher temperature thﬁn the ferrio aulphi.de._ pyrite; and
that in general, pyrite forms before chalcopyrite.

83.
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The chemistry of the precipitation of magnetite by
rocks, other than limestone, is not well understood. The -
only work in this branch of the subject is on the precipetation
of minerals at low temperatures as related to agricultural
" chemistry, and the chemistry of secondary enrishment.  This
application of equrinents oar;ied oﬁ at low temperature to
conditions of high temperature may give results that are mis-
leading. From the field evidence and the evidence of the
- mineralographical mkcresoope 1t is seen that iron bearing

solutions do replace other than carbonate rocks and precipitate

magnetite. If as beford it is assumed that the iron is introduced

as ferrocus on torric fluoride or chloride reactions to cause

a ﬁreeipit&tlon may be worked out. Any one of these salts is

completely hydrolysed in water giving the corresponding hydroxide

and the acid. The pressace of a natural silicate with the

alkali, or alkaline earth, metals hastens this precipitation,

as shown by Sullivaﬁjin several papers. The basis of the

sllicates are taken into solution and hydroxides oxides or
silicates are precipifated depending on the sirength of the

base deposited. Sullivan's work was mainly on the copper

..

salts but his experiments show that iron reacts similarly. -

© 8Sullivan E.C. - "The Interaction Between Minerals and Water
Solution." U.8.G.8. Bull 312. "The Chemistry of Ore -

bepabition".'mc. Geol. Vol. 1, pp.sv-ve. "Experiments on
theSeparation of the Constituents of a Solution by Filtration
Through & Mineral Filter". Ee. Geol. Veol. 3, p.780. - '

64.
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~Some of the minerals which gave this effect are: feldspar,
amphibole, augile, biotite garnet, vesuvianite and olivine.

Even quartzohas the power of taking iron from ferrié acetate

R LT g T U T

solutions. At the high temperature at which the formation of
the mggnetite take: place it may be supposed that the silicon
left will be removed in solutiop and magnetlte depoaited i
especially if free tluorides aie prepeht. | A react;on in- i
volving ferric chloride and # simple alkall metal éilicate
may be written: | | | | k.
.Fe Cl,.zNa 81 O, B0 = -
z Fe (OH), 381 0,-¢Na Ol.
If fluorine were present a soluble salt of hydrofluosaliclc %f

acid would be formed. From this quartz might be deposited.

Under the conditions of high temperature and low oxygen pres-
sure the ferric oxide would easily be dehydrated and reduced.

If a ferrous halide were the form of the salt it would glve

magnetite by dehydration of the hydroxide without reduction.

No data regarding the temperature at which the
deposition in the oilioatel took place could be found, but it
seems probable that it took place at as high a temperature as in

the limestone.

@

© U.8.6.8. Bull, 313, p.30.




PLATE VII, ' TO FOLLOW PAGE &7

Camera lucida sketch of Magnetite (M)
replacing volcanics June Mine. In
the sketching it was necessary to omit

many fine veine of magnetite surrounding

grains of the rock.
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PHYSICAL CONDITIONS OF THE SOLUTIONS

80 far the possible reactions producing the magnetite
have been discussed. The phyeical conditions, except that
the emanations were at & high temperature have not been dis-
cussed. At 9000 water mould be well above itscritical point
and due to 1ts pressure it would act almest as a solution so
the use of "solutions" is probably not incorrect. OISpﬁznug-
gests that the magnetite was formed from very concenirated
solutions "virtually magnetite magma®, which, of course, must
have been very viscuous. No facts in support of this view
could be seen in any of'the deposits. Direct evidence in the
shape of flow stiructure, orientation of contact silicates or
limestone fragnenés, which under this hypothesis would con-
‘stitute xenoliths, is lacking. On the other hand, there is
much evidence that the iron bearing solutions were very tenuous.

In the replacement of the diorite at the June mine the magnetite

replaced, preferentially, the ferromagnesian constituents of the

rock without visible solution channels existing between the

@)

masses of magnetite. In the replacement of volcanice on the

same claim the method of replacement of certain grains in the
rock suggests the agents must have been very thin, either as
gases or a very tenuous solutions. At Head Bay, Nootka Sound,

the banding of the ore and the distance it has penetrated along
a joint or bedding plane agaiqbuggeutn a very tenuous solution.

© Qlapp, C.H. Geol. Surv., Can. Mem. #13.
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PHYSICAL CONDITIONS OF THE SOLUTIONS z

A}l the polished surfaces from the different deposité support }

the idea of tenuous solutions. |

Definite information regarding the temperature of i

formation of the silicates could not be found but it seems

 prdhib1n that they were derived from solutions the same 3
temperature, or higher than that of the solutions producing Q%

the megnetite. The emanations producing the silication

were juet as thin as those producing the magnetite as é
shown by their ease of diffusion, and the way in which they

were observed to penetrate some of the minerals of the original %
7ock as along cleavage planes in feldspars. ;
‘ y

i
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MAQNETITE OCOURRENQES OF THE WORLD

The writer made a brief review of some of the liter-
ature on the occurrences of magnotite the world over, to deter-
" mine the pesition of the contact metamorphic deposits as a
source of ore. A brief summary of the geology of the more im-
portant types and of mome of the principal localities is given.
Mogretite may be divided into two classes, o n the basis of its
present comnercial value, the titaniferous and the non-titaniferous
oye. The titanifersus ore is not commercially valuable at the
p?aient time, on account of the lack of an efficient method of
":ﬁdﬂﬂtian;ksa the outline will be largely'sopfined t0 the non-

titaniferous ore.

Magnetite is a common aeeesaory in igneous rocks of
all basicity, so 1t 1s nat remarkable that the segregation of
material should produne oreubodiee. These are more common from
bodies of igneous reck corresponding in basiocity to a gabbro but
as a rule are titaniferous. Exceptions have been noted where
non~titaniferous magnetita’ooeura as a segregation, or titan-
iferous magnetite is of cqntaot me tamorphic origin.

| "PEGUAT TE TY
The nonetitaniferous magnetite formed by the oontri= ‘
butian of iron, in some form from the magms, is the most widely
diltributed and the commercially most valusble saurce of mag—

netite a3 an ore of iron. Ries divides thege intot -

" © Ries, B.  “Economio Geology"  4th Edition 1818, p.504.
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MAGNETITE OOCURRENCES OF THE WORLD
“PEGMATITE TYPE®

1. Benticular deposits in metamorphic rocks. | ' E,

de As zore or less lenaf shaped or tabular bodies in igneous ' .
’ ITOCKS. .

3. As replacement of limestone not of contact metamorphic
character.

4. OQontact metamorphic deposits. : ‘ 1.
5. As veins. _ '
- Only the last two divisions, under this scheme are
definitely defined, and it seems easier to regard them all of g
the same types, and the defined types, contact metamorphic %i
deposits and veins as only a special case of it. The problem- 3
ationl forms will be disoussed first followed by the speoific .
case, contact metamorphic.
The non-titaniferous magnetites of the Eastern g
United States have long formed a puzzle for the geologlats and ;%

various originérhave been postulated for them. They are

associated with Pre Cambrian rocks which have been highly ‘
metamorphosed so their origin is not clear until the relations g
of the reocks are worked out. Probably a good many of them ﬁ
are of contact metgmorphic origin, but since contact deposlts W
are not common in that distriot, and the wide alteration often "
accompanying contaot metamorphism may obsoure the true nature
of the rock thij erigin may be overlooked. The explanation
that receives the most support, at present, is that the mag-n i
netite was formed from solutions allied to pegmatites and con-
taining the iron in the mineraligers. The character of the

gangus minerals feldspar, quartz, amphiboles and apatite is

urged in suppers of this view, but precisely the same minerals _
may be develeoped under conditions of contact metamorphiem, i

. K
as shown on Vancouver Island.  In the Adirondack magnetite
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RawiandéQOmea to the conclusion that some of the ore may bel
a segregation from a granite, similar te those in the gabbro,
but that the magma had a sufficiemt concentration of eilica | f%
for the titanium to form.titanite. However, a large part of
the ore bhody wes formed by‘the introduction 4f iron by later
*pegmatite" soclutions. Killerckn discussing the origin of

- the magnetite of Clinton Qae, New York, comes %0 the conclusion
that diallage was formed Dy the lesaching of iron fiam hyper-
sthene and hornblende by the action of “pegmatitg“ solutione.
The iron deposited as magnotite later. The similaritsy of the

precess in this case to fhat observed in some deposite on

B ST & e S AT T D A S I TR T

VYancouver Island, under conditione eof contact me tamorphism is 1 L
neticeable. | | | . o

For the magnetife}of Haxth Carolina,\inéluding the
Cyranberry magnetite, W.8. Bayleyé%ostulateﬁ a similar origin
to those of New Jersey, which he seys are of pegmatitio origin,
although in this case the feldsparse are altered to epidote,
another analogue %o the processes in contact deposits. Grout ©
comes to the conclusion that the megnetite of Northern Minnesota
ié‘a direot coniribution from the magma 28 "pegmatites.” '. i

o Newland, B;HQ #On ihe Aiaociatiou aend Origin of the Non-titaniferous
Magnetites {n the Adirondack Region." Ec. Geol. Veol« I1, ppe
?63‘77 de :

lé@ﬂlilcr, W.3. ‘Ma atib 1ron~0re of COlinton Gounty; New York.* i
Ec. Geol. 14, pp.509-535. - U

‘<®Bay1¢y, W.8. “The ¥a stites of North Carolina - Their Origin.* §
Eo. Quol. Vol. 14 Dpp« 0535, o
. @ Qrout F.F. “Magnetits ?cgnntitos_af Norther Minnesota.” ;
. Ee. Geol. Vol. 18, pp.253-289, o




MAGNETITEVOOCURREROES OF THE WORLD
"PEGMATITE TYPE*

Leithprovisionally classified the Atikokan magnetite and the
depésit near Bathhurst N.B., in thie group.  Throughout the
thole group the resemblance to contact metamorphic ore bodies
ie noticeable.

The huga magnatite depesits of Lapland; Kiirunavaara,
Luaaaavaara, Tallura&ra and Gellivare are very difftcult to0
explain both on account of their huge aize and their apparcntly
uniqua featurea. Per Gaijeréﬁeliwvea the ore bodies represent
& magmatic praﬁuat somewhat similar to the pegmatite type of
Eastern United States. Dalﬁpbelieves the deposit is a differ-
entiation in nliu of a quartz porphyry. Geijer's theory of the
origin seéma to be bettcr‘able 40 account for the facts especially
ihe presence of spatite in large amounts. Other occurrences
hn#d been“clasaed with these‘by Geijer including: Grangeberg
in Central Bwéden, Solberg and Lyngrot in Southern Korway, and
the Blagodat fype of the Eastern Ural Mountains. The deposits
of this group are few in number, and no fully satisfactory ex-

plenation of their origin has yet been given.

Oontact metamorphic deposits, or the epecific case
where the mineralizing solutions come frem an intrusive mass °
and extend inito and seplace another rock type with perhaps some
replacement of the intrusive, as well, are common. The deposits

©Leith, C.E. "The Irmn Ores of Canada'. - Jour. Janadian Hining

Institute. Vol. 11, 1908, pp.94-95.

@Geijer Per. "Some Problems in Iron Ore Geology in Sweden and
America." Eo. Geol. Vol. 10, pp.399-329. "

~ @Daly,R.A, "Origin of Iron-Ores at Kirarna, Sweden." G.S.A.

Traps. Vol. 28, p.99, 1915.




o o 73,
SNETI QURRENCES _OF THE WORLD - |
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may be developed at the contactes of rock with intrnsiveé.éf

¥

any basicity but in the deposits impertant for their irom
content th@ia is a tendency for the intrusive to be of medium
basiaoity. Dus to lack of uniformity in rock nomenclature and to
the use of "granite" for any, light colored, plutonic Tock an
exact comparison of the basicity in the intrusives could not be
made. According to the literature contagt, deposits may be
found aleng recks such as granite, menzonite, quartz-monzonlte,
but there is a tendenoy for more of the iron ores to be found
aleng cpntaett of grencdiorite, quartz dierite, dlorite and
their porpbyritic equivalents. All the oontact metamorphic
ore-bodies are noted fei their irregularity, both in the dis-
tribution of ore and the gengue contact silicates. The ore

is commonly mixcdlthh such amounis of iron or copper iron
sulphides that 1t of ten requires roasting before use.

These ores are of such wide distridbution that all the
occurrences cannot be listed but a few of the more important
type localities will be mentioned. The di stribution of the
contaot metamorphic deposits in Amoriéa is 80 striking that
Eokel®says:
| "We might summarisze the matter by saying that almost

every known iron deposit along the Pacific Coast, from
Aleska to SBouthern Chile, and from the comst back te?

the eastern-most mountain range, falls into the clase
of deposita.” '

© Eckel, E.C. "“lron Ores Their Ococurrence Valuation and
Control ._o 1944 Po 87.

K
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These relations are true in general, but exceptions may be noted.
The more important localities in the United States are: Iron
!pringo;aUtah; The Barth IronOrc-; The magnetites of Shasta
Co., Oalitornf%; and the occurrence near Fairview l?h., and
Dillsbury, York 00?2 Pa. lany emaller deposits might be addsd

40 the list.
In Oanada many contact metsmorphic deposits are foudd

especially in the West. Among the bsst known ones are those of
Tezada Illaﬁ%. In Eastern d%ﬁnda, especially Ontarie contact

depesita are commonly found.
Outside of United States and Oanada, many contact

motamorphic iron ore deposits are known. In the following oo-
curences noted the information was obtained from "Iron Ore Re-
souroes of the World®, published by the International Geolegioal

7 Leith,0,K. & Harder, E.0. U.S.G.S. Bull 338.

z)Jancté J.C. "The Barth Iron Ore Ocourrence® Ec. Geol.VOL. 8,
- pp.“ .

J Presgott Basil - "Mgte ore of Shasta Co. Calif.*
Eo. Geol. Vol. 3, p.485.

# Smythe, D.D. - *A contact metamorphic Iron Ore Deposit Near
Fairview X.X."
Ec.Gsol. Vol. 16, p}:.410.

pBarder,E.Co - "Structure and origin of the Magnetite Deposits

near Dillsbury York Co. Pa."
Rao. Geol. Voli.5. PPe 599-633, 1910.

& MoGonnell, R.G. "Geol. Surv. Can. Mem. #58, 1914.
(»Pops E.J. - "Investigation of Magmetic Iron ores from Eastern

Ontario®. A.1.M.E, Tr. Vol. 39, pp-378-405 - 1900.
*Repert of Ontario Iron Ore Ooumittee® Toronte 1923 Appendix.
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Oongress of 1910, Stockholm. Magnetite occurs in a zone'
apparently exfenﬂing south from Mexico into Peru. In Mlxieé
the deposits are in limeétone, where it has been intruded by
diorite, monzonite, porphyrite, and granite. In Ouhd? impor~
tant deposits are found in limestone due to the intrusion of
diorite. Outeide of America, important ocourrences of contact
sotacorphic ore bodies are known in Sweden, Russia, Hungary,'
Japan,Australia, and Chhme. Many other countries have this
type of depoesit, indeed they scem o ocour almost anywhere
where there is extensive ignecus intrusion and not too great

a removal of the eontaoi.zane by erosion.

Magnetite formed by the contact metamorphism of iron
formation in the Pre Cembrian rocks is of rather & common
eocurrenae in areas of extensive igneops intrusivé. It is
posagible that some magnetite may be formed by regional méta*
morphism, but it is more common under ccnditione of comtact
metamarphism, The ore of this t&pe is, as & rule, rather impure
duz/te an excessive amount of sliiceous impurities in the form

of quartz, amphibole and other silioates. In Eastern Nozth .
Amesrtca there are a large number of deposits belemging to this
$ype. They are found in Sweden, Norway, Brazil and Bouth Africa.

® Papers by Xepp, Lindgren, Ross and othsrs. A.L.X.E. Tﬂigié 58.

00
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Grout®comes to the conclusion that due to the intrusion of
a gabbro, tha’magnetite formed in the‘Gunflint formetion was
fused; but his melting point is two to three hundred degrees
too low.

Occurrences of black sand are fairly common but not,
at present, of commercial value. These deposits are derived
by the concentration 6f aocessory minerals, or of other mag-
netite ocourrences, Often where the magnetite .forme large
badiea, they arevtitaniferous.
| An occurrence of interest from its peculiarity rather
than i1ts commercial importance is that found about a fumarolég
The magnatite ocours as octohedra, llning a vént in the pumice.
The purity of the pumice precludes the possibility of the
derivation of the iron from it so the magnetite must have been
deposited by emanétion from the fumarole under conditins of low
oxygen pressure and rather high temperature, A‘not&ble feature
was the ocourrence of halite on the faces of , and intergrown with
théﬂoatehedra of magnetite, Fluorite was also found in considerable
quantities by anelysis. |

Magnetite in all 1ts oocurrences is formed at high tem~
perature either as a direct product of ¥he magma or due to the
metamorphic effects of the magma on previously existing iranm
minerals. The wide areas of igneous activity favour the production

¢ Grout, F.F. E¢. Geol. Vol. 18, p. 253,

& "Tumarelic Incrustations in the Valley of Ten Thousand Smokes."
Geophysical Laboratory - ¥Wash. #541, by E.G. Zies.
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of naguetite while conditions of weathering favour the pro-
duction of the higher azides and hydrates. R

QOMMERCIAL VALUE oF MAGNETITE

- An attempt was made to determine the proportion cf
magnetite, used aez a source of iron, derived from contaot
me tamoyphic dapoqits; iore than generai resultsiébuid not
be obtained because 1f the statistics are available, the ore
418 not separated into the types, or 1f the amoun$ of magnetite
is 1isted theloealities where it was mined are not glven, 80
the geology of the depopita cannot be found. TFigures for
ﬁnitad‘statedgahov thet of a total production #f iron-cre, forx
the year 1923, of 69,351,442 tons, that 3,190,624 tons, or 3.16%"
of the total ore produced was magnetite. Of mines producing
over 100,000, tons,or 1.3h of the total s from contact metemorphic
deposite, the vemainder being from the magnetite type of the
Eastern U.8., From the rem/ainder of the smaller proa&8€§§:"ho
figures are available, but from the distribution of the localities
1t seems probeble that about 11% is from contact metamorphio
deposits, and that part of this production is fmed as flux.
In Canadé? the iron ore produced in 1923 wes 20,739 tons, and
the principal pait of this was magnetite from Moose ¥ountain,

Ontario.

© "Minersl Eeaburoes of the United States 1233.% Pt. 1 pp.295-329.
: Advance chapier. A ‘ _

' © *Minemsl Production of Cmnada 1933" Bureau of Statistics 1934,
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COMMERCIAL VALUE OF MAGNETITE

In Sweden with a producbiSn of 5,597,707 tons of
iron ore in 1923 the larger part ~ probably 85%, is magnetite
produced from the Lapland type of depesit and a smell amount
ét ores from the contact deposits. |

Among ghe smaller producers of iron ore, it ie
probable that contact metamorphic magnetitie is more important
$han in the United States. An instences of this is Japan,
where magnetite from contact depesita is mined for use in the
blaet furnace. The tendency at presént seems to be % use
easily available hematite ae an ore, and o only use magneiite
to form 2 mixture with the other ore. Doubtless, as the
easily available high grede hematite bodes become depleted,
the analler contact metamorphic ore bodies will become more

valuuble as a source of iron, but at present, they are rather

minor producers.

& *"8kandinaviska Kreditacktiebolaget. S8tockholm, Quarterly
Rept. Jan. 1925, _
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The following is a short bibliography of contact
metamorphism. In many places, references to contact metamor-
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