
70 33 

GEOLOGICAL 

SURVEY 

PAPER 70 - 33 

OF 

CANADA 

DEPARTMENT OF ENERGY. 

MINES AND RESOURCES 

Price, $2.50 

METAMORPHIC MAP OF THE 

CANADIAN CORDILLERA 

(Report, 4 figures and Map 1322A) 

J. W. H. Monger and W.W. Hutchison 

1971 
Reprinted 1973 

sellis
narrow black



CANADA 

GEOLOGICAL SURVEY 

OF CANADA 

METAMORPHIC MAP OF THE 

CANADIAN CORDILLERA 

J. W. H. Monger and W.W. Hutchison 

PAPER 70-33 

DEPARTMENT OF ENERGY, MINES AND RESOURCES 



@)Crown Copyrights reserved 
Available by mail from Inforntation Canada, Ottawa 

from the Geological Survey of Canada 
601 Booth St., Ottawa 

and 

Inforntation Canada bookshops in 

HALIFAX - 1687 Barrington Street 
MONTREAL - 640 St. Catherine Street West 
OTTAWA - 171 Slater Street 
TORONTO - 221 Yonge Street 
WINNIPEG 393 Portage Avenue 
VANCOlNER - 680 Robson Street 

or through your bookseller 

Price: $ 2 . 50 Catalogue No. M44- 70-33 

Price subject to change without notice 

I nf oT'TTlati on Canada 
Ottawa 

19 71 
R e print ed 19 73 



- iii -

CONTENTS 

Abstract . .... ............. .......... . . .... ····· · ·· · ········· 
Intr oduct ion ........ ...... . . . 
lndl"x map and invC'ntory . . 

Meta morph ic map .. . 
Units land la .. . ....... ...... .. . 
Units 2, 2a, 2b . . ..... . .. ..... ........... .. ..... . ........ . 

Textural charactC'ristics of units 2, 2a and 2b ... . ........ . 

MinC'ralogy of unit 2 ........ . 
Mineralogy o f units 2a and 2b . .. ......... . 

Unit 3................. . .. ... . ..... ...... . 
Unit 4 ............. . 

Unit 5 ......... ... .... . 
Unit 6 ............. ..... . 
Distribution o f metamorphic rocks ...... . . . .... . ....•....... 

A gc of metamorphism ......... . ........ . ..................... . 
Precambrian metamorphism ...................... . .... . .. . 
Lower Paleozoic (or o lder ? ) metamorphism .. .. ............ . 

Lowe r Paleozoic metamorphism . .......... . ............... . 
Mid-Paleozoic metamorphism .... .. ....... .. . .. ...... . . . 
Permo-Triassic ( ? ) blueschist metamor phi sm ..... . 

Mesozoic n1etamorphism ......................... . 
(a ) Northern Cordi lle r a . ............. . ........... . 
(b) Omineca Mountains . .. ..................... . 
(c ) South eas tern British Co lu m bi a .... . . . ...... . 
(d) Cascade M oun ta ins .. . ..................... . 
(e ) Coast Mountains ....................... . ... . ....... . 
(f) Insular b e lt ... ...... .... .. ........................ . 

Conc lu s ions ............. .. ... .. . ..... ...... . 

References ............. ... . ... . ............................. . 

Appe ndix I 

App e ndix II 
Appe ndix III 

Inv e nt o ry of metamo rphi c minerals .......•. .. .. 
Selected minera l occurrences ...... . ...... .. .. . 
In ve ntory bibli og r aphy .. .. ...... . . ............ . 

Illustrati o ns 

Pag(' 

v 

l 
2 
3 
4 
5 
7 
7 

9 
IO 
I 0 
11 
11 
12 
14 

I 5 
17 

18 

18 

19 
20 
20 
21 
21 
22 
23 
24 
24 
26 

34 
44 
52 

Figur e 1. Ind ex map of m etamorphi c mineral localities ........ . .. in po cke t 
Figur e 2. "Classical" r eg i o nal metamorphism in the Canadian 

C o rdillera....................................... . .. 13 
Figure 3. Ind e x map of known and p ossible areas o f pre-

Me sozoic metamo rphism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Figur e 4. Progressive textural c hanges in low-grad e , regio nally 

m e tamorphos e d rocks . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Map l 322A M e tamorphic map of Canadian Cordillera ......•..... in po c ket 





- v -

ABSTRACT 

The mC'tamorphic map of th e Canadian Cord ill e r a is subdivided into 
nin<' units basc<l l argdy on the metamorphi c minera l s li sted in the accom
panying in ven t o ry. Thcs<' units a r c (I) unm e tamorphosed rocks, (I a ) low
graclc· metarno rp .. i c rocks wit h no known ind ex mine rals, (2) r oc ks ofp r e hnit e 
pu m pdlyit e mclagrcywacke facies , (2a , b) r ocks transitional betwee n 
(2) and rC'spccl ivc l y th<' (3) b lu e sc hi st fac i C's and (4) greensc hist facies , ( 5 ) 
rocks of amphibo l itc facic•s a nd (6) g raniti c r ocks. G re en s c hist and amphib 
o litc· fac i<' s rocks o f l arge ly Barrovian type , accompanied by granit i c roc ks, 
arc conf ined main ly lo tw o be lt s , th<' easte rn, Cassiar-Omineca - Co lumbi a 
be lt and the western Coast Mountains b e lt , that m e rge in th e Yukon and p os
si bly near th e Internat iona l Boundary in the south. Between the belts and 
fl a nking them on east an d west a r<' unmetamo rphose d and low-grade rocks. 
This p a tte rn r es ults a lm os t e ntir e l y fr o m M e sozo ic metamorphism, although 
thC'rc i s ev id ence that the metamorph i c hi story o f the Cordi llera ex tends back 
wdl into the Precambrian . 

RESUMF: 

La ca rt e met a morphique d e l a Cordill e r e c anadienne s e subdivise e n 
n euf unites, fonde e s essentie ll e m e nt sur l e s min e r aux metamorphique s 
c numeres en a nnexe . Ces unites s o n t l es suivantes: 1) ro c h es non metamor
phisecs; I a) roches faiblement m etamorphis ee s pour l e squelles aucun min
eral caracte ristique n' a e t e indiqu e ; 2) r oc h es a pre hnite-pumpe llyite; 2a, b) 
roc h es d e t ransition e nlr e l es roc h e s 2) et r e spect ive ment, l es roc h e s a 
facies d e s c hisl e bl eu 3) et l e s r oc h es a fa c i e s d e s c histe vert 4); 5) les 
ro c h es l:J. fa cie s d'amphibo lit e; 6) e t l es r oc h es granitiques . L e s roc hes a 
facie s d e s c hist e ve rt et d' amphibolite, principal e m e nt du type Bar ro v ien, 
accompagn ee s d e r oc h es granitiques, s e trouve nt e ssentiellement clans deux 
zo n e s, l'une a l' e st, la zon e Cassi a r-Omin eca-Columbia, et l'autre a 
l' o uest, la zone de la c hal'ne COtiere; l e s z o n e s s e r ejoignent au Yukon et 
p e ut - et r e pres de la fronti e r e int e rnati o nal e au sud. Entre les zones et sur 
l e urs cot·~ s a l'est et a l'oue st se trouvent d e s ro c hes faiblement et non 
m etamorphis ee s. Ces ca ra c teristique s r e su\te nt pr e sque entierement de 
ph e nomene s m etamorphique s du M e sozoiqu e , bie n que certaines indic ations 
prouvent que l'histoire m etamo rphiqu e d e la Cordillere remonte largeme nt 
au Prec ambrien. 





MET AM ORPHIC MAP OF THE CANADIAN CORDILLERA 

INTRODUCTION 

This preliminary report on the distribution of facies of regional 
metamorphism in the Canadian Cordillera consists of two parts. The first , 
an inventory of metamorphic minerals and mineral assemblages with an index 
map, is essentially a permanent inventory of basic data with provision made 
for updating as more information becomes available. The second is the 
metamorphic map proper which utilizes map- units comparable to the facies 
of medium- and high-pressure of Turner (1968). The map-units are briefly 
described on the map and discussed in greater detail in the text. 

The distribution of units on the metamorphic map is only a first 
approximation. It reflects both current quantity and quality of basic data 
(which in this region results largely from reconnaissance mapping) and also 
'fashion' in the criteria used for subdivision. However, the writers feel that 
on any future map based on metamorphic facies, the general pattern of the 
higher grade units (those corresponding to the 'classical' greenschist and 
amphibolite facies) will remain largely as shown (Fig. 1). Commonly rocks 
of th e s e grades are recognizable in the field as metamorphic rocks, have 
been reported as such and most information about them pertains directly to 
metamorphism. By contrast, boundaries of low-.grade, 'sub-greenschist 
facies' units (those of the pumpellyite-prehnite metagreywacke facies and 
rocks transitional between this and the greenschist and blueschist facies) may 
change considerably with future work. This is because the significance of 
metamorphic minerals in these lowest grade rocks has only been recognized 
in recent years. In the reconnaissance work done in this region the primary 
nature of these rocks is the feature most commonly reported and secondary 
minerals are cursorily treated. As a result of this lack of information 
boundaries between low- grade units are conjectural in many parts of the map. 
However, the writers feel that it is more valuable to interpret boundaries 
and present an interpretative map (on which the amount of interpretation can 
be determined by comparison with the index map and data inventory) than to 
give a 'patchwork' map with no interpretation, on which data are so scattered 
that any metamorphic pattern is not apparent. 

The scale of the map, 1:5,000,000, was chosen for two reasons. 
Firstly there is insufficient information on many parts of the Cordillera to 
show details on a larger scale, although this can be done in other parts. 
Secondly, the base used for this compilation is the 1: 5, 000, 000 Geological 
Map of Canada (Geol. Surv. Can. Map 1250A) which is the most recent map 
covering the Cordillera. The metamorphic map thus is directly comparable 

to the geological map and also the current tectonic and mineral deposits maps 
(Geol. Surv. Can. Maps 1251A and 1252A). 

Original manuscript submitted: 6 April, 1970 
Final version approved for publication: 14 September, 1970 
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The general organization of this report, compilation of data on low
grade rocks and historical aspects were the responsibility of Monger. Hutchison 
devised the machine pro cessab le form of the inventory and compiled data on 
high-grade rocks. 

The basis for this project was metamorphic compilations of the 
following areas: 

Area 

Southeastern Alaska 

Queen Charlotte Islands 

Vancouver Island 
Coast Mountains 
Northwest British Columbia 
Southeast British Columbia 
Shuswap Region 
Cariboo Mountains 
North-central British Columbia -
Eastern Yukon, NorthwC'st 

Territories 
Yukon Trrritory 

Cornpilrr(s} 

D. A. Brew, U.S. G. S. 
J.G. Smith, U.S.G.S. 
A. Sutherland Brown, B. C. Dept. 

of Minf's and Petroleum Resourct·s 
J.E. Muller, G. S. C. 
J.A. Roddick, G . S.C. 
J . G. Souther, G.S.C. 
J.O. Wheeler, G.S.C. 
J.E. Reesor, G. S. C. 
R . 13. Campbell, G. S. C. 
H. GabrielsC', G. S. C. 

S. L. 13lusson, G. S. C . 
D. J. Tempelman-Kluit, G . S. C. 

In addition to thC'SP compilations and publi,;hC'd data , many individuals gave' 
freely of information and provided comrnC'nts and criticism. They are' as 

follows: C. J.M. Fletcher of the University of British Columbia and 
1,. V. Campbell, University of Washington, data on metamorphism in pa rt of 
the Cariboo Mountains; E.D. ChC'nt, Un ivC'rsity of Calgary, con .menls on lhC' 
Selkirk and Dogtooth Mountains, southeastt•rn British Columbia; L. H. GreC'n, 
Hanna Mining Company, distribution of map-units in the' wC'stern Yukon 

Territory; D. W. Hyndman, University of Montana, general comments: 
K. C . McTaggart and S . B. RC'an.sbotlom of the Universi t y of British Columbia, 
data on southwestern British Columbia; Ian Paterson, Univf'rsity of British 
Columbia, data on the' Pinchi I.akC' area; R. A. Price', Queen's University and 
D . G. Cook, Geological Survf'y of Canada on uni t boundaries in the· southf'rn 
Rocky Mountains. In addition data and usC'ful discussions wC'1·e had fro111 
geologists of both the' British Columbia DC'partn1C'nt of Mines and PctrolC'urn 
Resources and the GC'ologica l Survf'y of Canada. ThC'ir assistance is gratC'
fully acknowledged. 

I NDEX MAP AND INVENTORY 

The index map of 111eta111orphic mineral localities (Fig. l) consists 
of reference numbers together with National Topographic System 4 by 8-
degree quadrangles superimposed on a half-tonf' copy of th e mcta111orphic 
n1ap. The reference nu111bers give the approxi111atC' geographic location of 
the 111etamorphic minerals and niinC'ral assenoblages listed in the inventory. 

A prelin1inary exanoinalion of inforn1a tion on n1C't.a111orphic rocks in 
the Cordillera leads to the conclusion that only a mini111al a111ount of hard d;1ta 
can be cons istPntly recorded. These data were compiled to form th e inven

tory which is the basis of the metamorphic map. The inventory (Appendix I) 

is of necessity very simp le and contains data on (a) location, (b} metamor
phic mineralogy at that loca tion and ( c } references. These data arc recorded 
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on 80-column punch cards {columns - 'fields' - in which the particular data 
items have been recorded ar(' indicated in the Code in Appendix I). 
{a) Location: This is rcpres('ntcd first by the4- by 8-degree NTS quadrangle 
numbers and then by a number {LOC) within that quadrangle. Decimal num
bers following the latter number show localities from which more than one 
occurrence of mclarnorphic minerals or mineral assemblages have been 

reported. 
{b) Mineralogy: Data on mineralogy have been coded to show {i) whether the 
reported minerals form an assemblage or rnercly an occurrence; {ii) the 
actual minerals present {sec code in Appendix I; space has been allowed to 
record up to 10 minerals in colunrns headed MIN), and {iii) whether a mineral 
is always present or not {+always present, - not always present, in columns 
preceding minerals referred to). Textures have been orr.itted from this 
compilation but where good evidence is available these have been used to 
interpret two or more phases of metamorphism. Minerals formed in the 
first phase are followed by nurncral 1, those formed in a second phase arc 
followed by numeral 2. 
{c) Reference: This is given by author's name {AUTHOR) and date {DATE) 
which can then be located in the bibliography {Appendix 3). If the report is 
unpublished and has been personally communicated to us, then this is indi
cated by PC after the date. 

In addition to displaying basic data, the index map and inventory give 
some idea of the confidence lo be placed in a particular part of th(' metamor
phic map . A general idea of confidence can be obtained from the density of 
reference numbers on the index map. A more accurate estimat(' of confi
dence may be made from the nature of the data in the inventory and the rcf-
c rcnce. For example, an older regional study rnay merely record an occur
rence of kyanite, whereas a newer report may be a detailed investigation of 
n1ctan1orphisn1 and presents several asse1nblagcs and details of paragencsis. 

Finally the occurrence of certain selected minerals is shown in 
Appendix 2 . 

METAMORPHIC MAP 

As far as possible the map-units employed are based on observed 
mineral assemblages. Thus, the writers have attempted to make their map
units comparable to the metamorphic facies of Fyfe and Turner (1966, p. 356). 

"A metamorphic facics is a set of n1ineral assen1blages 
repeated ly associated with one another in space and time, 
such that there is a constant and therefore predictable 
correspondence between the n ; ineralogy of each rock and 
its bulk chemical composition." 

The map- units arc comparable to the various rnetan1orphic facies 
of medium- to high-pressure of Turner's well-known scheme (1968) but 
differ in several details. Turner's classification contains seven facics of 
n1cdium- to high-pressure, as well as low-pressure facics. The former arc 
the zcolite facics, prehnite-pumpellyitc mctagreywacke facics, glaucophanc
lawsonitc schist facics, cclogite facies, grecnschist facics, amphibolite 
facics and granulitc facies. In the Canadian Cordillera (1) the low-pressure, 
essentially contact n1etarnorphic facies arc of local occurrence only and can
not be shown on a map of this scale; (2) one unit {la) includes nonvolcanic, 



- 4 -

low-grade metamorphic rocks that presently cannot be fitted into Turner's 

scheme because of the present lack of known index minerals; (3 ) unit 2, 
largely equivalent to the prchnitc-pumpellyilc metagrcywacke facies, also 
contains rocks that probably belong to the zeolite facies of Turner; (4) two 
units (2a, 2b) arc transitional between lhe prehnitc-pumpcllyite mctagrey
wacke facics and respectively, lhe glaucophanc-lawsonite schist (unit 3) and 
grecnschist facies (unit 4); (5) unit 5, analogous to much of the amphibolite 
facies is subdivided by the kyanitc and':sillimanitc isograds; (6) also within 
unit 5 and shown by a hachurcd pattern is a subdivision characterized by the 
dominant granitoid character of the rock; (7) No definite granulitc facics 
rocks are known and only one outcrop of rocks of the cclogite facies has been 
recognized. 

The concept of '' facicsseries ' '(Miyashiro, 1961)has not been used as 
the main basis for this compilation (aside from discriminating the ' 'high
pressurc" facies (units 2a, 3, E) from ' 'intermediate- pressure" facies (units 
2b, 4, 5). One reason, for example, is the occurrence of Barrovian facies series 
meta 1110 rphi sm in the no rt he rn and cc nt ral pa rt of the Shuswap tc r ra nc and pos-
s iblc local Buchan-Abukuma facies se rics metamorphism in the southern Shu swap 
terranc. Workers in the region (Moore, 1969; Clark, 1969; McMil Ian, 1970, 
pc rs. comm.) conclude that the high temperature/low pres sure facies of Buchan
Abukuma type arc younger and superimposed on an earlier Barrovian phase. 
C o nsequently " facies se rics " in that region would also have an implication of time 
which so far has not been included as a necessary element of ''facies series" 
(Miyashir o , 1961; Heitanen, 1967; and Zwart, ct al., 1967). 

Problems arise in applying this :;che~cre critical mineralogical 
data arc lacking. This is commonly the case for the very low-grade meta
morphic rocks (unit 2) where the significance of critical minerals has only 
been realized recently. In this case, unavoidably, criteria such as textural 
changes and even stratigraphic age must be taken into account and used to 
supplement meagre mineralogical data. This problem is discussed under 
unit 2. Areas where n1incralogical inforn 1ation is scarce are outlined on the 
index map by low density of reference numbers. 

The highest average grade attained at any given locality is portrayed 
on the map. Local 'highs' are ignored. In the only known locality where 
there are two or more very different metamorphic phases, both are indicated, 

The example is the Vedder Mountain area, on the International Boundary 50 
miles east- southeast of Vancouver, where high-grade metamorphism (unit 5) 
is succeeded by low-grade metamorphism (unit 2). This is shown as 5 + 2 
on the map. 

Characteristics of the various map-units are reviewed below and 

summarized in the legend of the metamorphic map. Units 2, 2a and 2b are 
discussed in somewhat more detail, as these units fall outside the classical 

metamorphic facies. 

Units 1 and la 

Unit 1 comprises consolidated but unmetamorphosed rocks and 
unconsolidated deposits. The former may be highly deformed, as in many 
parts of the Rocky Mountains. Alteration in some rocks of restricted com
position included in unit 1 may be considerable, but probably took place in 
near surface conditions, as for example, dolomitization in carbonate rocks. 
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Unit la is a catchall for nonvolcanic lithological assemblages that 
are slightly metamorphosed but which contain no minerals so far recognized 
as diagnostic. These rocks are mainly the western outcrops of elastic 
Proterozoic rocks and pre-Middl e Ordovician, lower Paleozoic p e litic rocks 
west of the Continental Divide (D. G. Cook, R. A. Price, p e rs. comm.). 
Carbonates in thes e sequences are grouped with th e elastic rocks. 

In the field, Proterozoic pelitic rocks included in unit la are-phyllites, 
and coarser grained rocks are commonly semischists, with the grains broken 
or flattened augen and the matrix foliated. Pelitic lower Paleozoic rocks 
have a well-developed slaty cleavage or phyllitic foliation. 

Mineralogical changes that take place probably involve changes in 
clay mineralogy and elastic micas and development of chlorite. Such changes 
have not been documented in any d e tail in the Canadian Cordillera but are 
known from similar Proterozoic rocks to the south in Montana and Idaho 
(Maxwell and Hower, 1967). There, in sections sampled from west to east, 
different polymorphs of illite accompany gradational textural changes from 
argillite to phyllite. 

Rocks included in unit la span the gap betwee n units I and 4 in the 
eastern Cordillera, are therefore equivalent to rocks of units 2 and 2b, and 
may be partly equivalent to rocks includ e d in th e lowest grade of unit 4 else
where. At the lower limit unit la grades imperceptibly into unmetamor
phosed (unrecrystallized) rocks. At these grades evidence of metamorphism 
is present in pelitic rocks but absent from all others. At the upper limit 
unit la grades into rocks of unit 4, which is mainly equivalent to the green
schist facies of Turner. This is seen in Fernie map-area (82 G/NW, 82 
G/SW), which lies immediately north of the International Boundary and east 
of longitude l 16°W, where Proterozoic rocks of unit la grade westward and 
stratigraphically downward into rocks of unit 4 (G. G. Leech, pers. comm.). 
South of the International Boundary, Maxwell and Hower ( 1967) report that 
illite-bearing rocks pass into biotite-bearing rocks. Thus, th e boundary 
between units la and 4 may (in places?) be at a higher grade than that shown 
between 2b and 4 as the biotite isograd occurs well within unit 4. 

Direct correlation between units la and 2, 2a and 2b may ultimately 
be possible. At present the assignment of rocks to units 2, 2a and 2b is 
based chiefly on the mineralogy of altered basic volcanic rocks, and because 
insufficient information is available on the mineralogy of the intercalated 
pelitic rocks they cannot be used for comparison with those of unit la. 
Ultimately comparative mineralogical studies between layered silicates in 
pelites included in units 2, 2a and 2b with those in unit la may establish some 
common characteristics. On textural grounds, the occurrence of semi
schists and phyllites in both units 2a, 2b and la suggests a comparable grade. 
A further guide may be the secondary mineralogy of the poorly described 
volcanic and hypabyssal rocks that occur sporadically in Proterozoic and 
lower Paleozoic rocks of the eastern belt. 

Units 2, 2a, 2b 

Unit 2 largely corresponds to the prehnite- pumpellyite metagrey
wacke facies of Turner (1968) and in this report is the lowest grade of meta
morphism in suites containing volcanic rocks. It includes, at the lo we st 
grades, rock probably belonging to the zeolite faci es of Turner. Rocks in 
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units 2a and 2b are transitional betwee n the prchnite-pumpcllyitc mctagrey
wackc facics and, respective ly, the glaucophanc- lawso nit c schist facics or 
the grecnschist fac ics. They belong mainly to t he highest g r ades o f th e 
prchnitc- pumpe ll yitc metagrcywack<' facics of Turner but a r c possibly <·quiv
a lcnt in pa rt to Uw lowest grades of the glaucophane- lawso nite schis t facics 
or the grecnschist facies. 

Str ic tl y, th ere arc in sufficient 111inc·ralogical data fron1 most parts 
of the map-area tu assign rocks to uni t s 2 a nd 2b. T hi s is mainly du e to t wo 
factors. Fi1·s tl y, th e nlC'tamorphic mineralogy of these un it s is essenti a ll y 
that of the grccnschist facies, except that units 2 a nd 2b are charactc ri zC'd 
by th e presence of pr C'hnitC' and pumpcllyik in basic rocks. Un til Coombs 
(19 60 ) dC'monstral<·d th e significance o f th ese minC' rals as indicators o f11 1C'la
morphie grade, th eir importancC' was not realized and th ey WC're not ac ti v<'ly 
sought. ConsequC'ntly th ey arC' rarely mcntionC'd in olde r reports. SC'condly, 
many seco nd ary rn in<'r als in units 2, 2a a nd 2b arc very fin e grained, occur 
in compl ex aggregates (such as saussuritc), and arc com nionl y d iff i cu lt to 
identify eve n with X- ra y diffrac t onw tr y. Howeve r , ro cks of units 2, 2a a nd 
2b a r c systC'mat i ca ll y a ltC'r e d but clearly n o t t o th e ex tent o f r ocks o f grcC'n
sch ist g r ade (whi c h a r c n C'ar ly always readily recognizable as mctanwrphic 
rocks in th C' fiC'!d). so o th C'r crilC'ria have t o be us e d . In this compilation, 
accoun t is t aken o f th e degree o f a ltera ti on of primary calcic feldspars, d evc l
opmC'n t of chlor itc and known prC'scncc of di ag nosti c minerals in nearby rocks 
of thC' san1c agC'. These arc th e on ly c rit e ri a available o n metamorphic rnin
C'ra logy in niany areas. Dcsc ripti o n s of tC'xtur c s arc us e d to supplement 
these d a t a as tC'xturcs in th ese low-grade ro cks appear to show a systcn1atic 
va riati on with grade (s ee bel ow ). H oweve r all th a t can be definitely sa id of 

the grade o f many ro cks assigned to units 2, 2a and 2b is that th C'y arc " sub
grC'cnschist". They span th e gap bctw<'cn unmctan1orphosed rocks and thos e 
of grccnschist grade a nd therefo r e arc larg e ly e quivalent t o th e prchnite

purnpcllyitc nwtagreywacke faciC's o f Turner. 
The co nfiden ce to be pl ace d in areas o f units 2, 2a and 2b can be 

judged fr om the ind ex map and AppC'ndix I. Howeve r this d o C's n o t give th e 
who l e pictur e as it doe s n o t show th e criteria us e d above, and in many places 
confidence may b e g r eater than actually sho wn. Within unit 2, th e degr ee of 
confidencC' is lowest in the youngest r ocks (commonly of mid- to lat e Mesozoic 
age and higher in th e older rocks), bC'caus c generally th e grade of metamor
phism incr eases with the increasing age of the rocks. 

A s noted above, there is a general progr e ssive increas e in n1eta
morphic grade from younger to older, pres umably n .ore d ee ply buri e d rocks 
within units 2, 2a and 2b. For example, upper Pal eozoic rocks arc generally 
in units 2a and 2b whereas Triassic and younger rocks are in unit 2. Alt e r
ation within unit 2 is less in Middle and Upper Jurassic rocks than in Triassic 
rocks (e.g. Duffel\ and Souther, 19 6 4, pp. 20, 25). Whereas alteration of 
son'1c rocks included in unit 2 may result fron1 processes such as automcta
morphism, extrusi on of volcani c rocks into wet sediments, or hydrothern'1al 
activity (e.g. Duffel! and McTaggart , 1952, p. 92), it s ee ms probable becaus e 
of the general progressiv e increas e in grade with age that in most cases the 
secondary n1inC'ralogy in th e s e units is d e pendent o n increasing tcn'1 peratur e 
and pressure rather than th e s e local e ffects. Ther efore , units 2 , 2a and 2b 
are directly comparable with th e higher grade, " classical" metamorphic 
facies. 
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TC'xtu1·al charac-IC'ristics o f units 2 . 2a and 2b 

In cont r ast lo the wholly rC'cryslallized r ocks of higher metamorphi c 

g r aclcs, prirnaryrninc·ralnQy anrl t C'xturC'a r C'a l lt'aslpa1·tlypr('SC'rvt·rl in 111osl 
ro cks in units 2. 2a and 2h. ThC'dc·gn'C' lo which prirnary texture is a ltC'rcd is 
irnporlanl in ihl'sc• units as il i s n<'C<'SSa ril y used as an indicator of nw ta
rnorphic g r adP 1n an·as wlH•re 111 in v1·alogica l data are scarce or lacking (see 
F ig. 4). TC'xtural c r i l C'r ia we r e fir st used by Tu rn C'r (1 935. 1938) and Hulton 
and Turner (193(>) who di vided the ch lor il C' zo n e of rC'gional rnelarnorphisrn 
into sc·vera l subzonC'S. Coornbs (19(,0) stalC'd th at in Otago th e chlorile I and 2 
sub/.01ws fall into the prc·hn il <'-purnpC' ll y it c rnetagrcywacke facies and sub
zonc·!'" 3 and 4 into th e grcenschis l facic•s, and that th ese textural suhzonC'S 
s h ou ld lw kept distin c t from metarnorph i c faciC'S. In the Cordi llera, degrcC' 
of textural 1· econs liluti on i s used as an C'mp ir ica l me th od of subdividing low
g r ade regional mc t a111orph i c rocks in arC'as whc1·c othC'r dat a arC' lacki:->g, bu t 
is on ly applicable in a gene r a l way. E:xceplions are known, awC' ll -docurncnlC'd 
onC' being th e metamorphism o f llw Upper Triassic N i co la G r oup (Scha u, 19 (i8 ), 
and t h is sch eme stri ct ly can only be used for a rough fie ld C'Stirnation of g r ade. 
Most rocks in unit 2 arc texturally unchanged in hand spccin1C'nS, whereas 
many rocks in units 2a and 2b arc WC'll fo li ated. MC'tamorphic textu1·cs in 
r ocks of units 2a and 2h appea1· to depend lar ge ly on compe t ency of the orig
ina l rock, whereas texture s in higher 1-(ra d C' r ocks arc largely a prod u ct of 
growth of th e s econdary m inera ls. For exampl e, typical compe t ent r ock in 
units 2a and 2b is 111assive basic fl o w rock that retains its or i gina l t exture 
ye t is mincralogically almost entir e ly a ltered . ' Cihos t s ' of o ri g in a l fe ldspars 
arc now 'saussur itc' and albi t e but ih c new minera ls are so fine grained th ey 
have not destroyed textures. As the secondary minerals become larger th ey 
d es troy th e original t ex tu re. In co ntr ast is in com p etent rock such as tuff, 
particularly where inlcrbcddcd w ith massive fl ow rock li kC' that above. If 

texturally a ltered a t low grades il may cons ist of sheared or flattened primary 
c last s composed of optica ll y irreso lvab l e matC'ria l. At higher-grades but still 
within units 2a or 2b il may be a fine-grained, lam inated , c hloritc-wh it e 
mica-albite schist with no trac e of primary texture. Peli ti c rocks are genera lly 
ar g illitcs in unit 2 and ph y lli ics in units 2a and 2b. Jn th ese in competent r ocks 
the secondary t ex tur e is probabl y as much due to mechanical action as lo 
min e ral growth. More competent ro cks such as sands t ones t end l o bC' n1acro
s cop icall y little altered below th e boundary between units 2 and 2a or 2b but 
are commonly semischists above this boundary. 

Mineralogy of unit 2 

Secondary minerals cha r ac t eristic of unit 2 arc pr e hnit e and pump
e llyite , with sodic albile, ch lorite , while mica, quartz, ca rbonate, e pidote, 
zoisite, sph ene, stilpnomelanc and zeo liles. Atypical occurrence of secondary 
mineralo gy in rocks assigned to unit 2 is described by Muller(l967, p . 51) 
for altered basalt and andesiic of th e Triassic Mush Lake Group in Kluane 
map-area (115 G, 11 5 F, E 1/ 2) , Yukon. 

"In most thin sections examined th e plagioclasc is comp lete ly 

albitized and epidote, ch l ori t e, carbonate, cha l cedony and 
p rehnite are common secondary minera ls . Metamorphism 
was not compl e t e as much of the pyroxene and some of the 
labrador ite plagioc la sc have been preserved." 
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In these rocks apart from the presence of prehnite the secondary 
mineralogy is that of unit 4. However, in contrast to rocks in unit 4, these 
rocks contain relict pyrogenic minerals and in contrast to rocks in units 2a 
and 2b, relict calcic plagioclase is preserved, whereas in the higher grade 

rocks it is (almost) always altered to albite. 
No development of zeolites comparable to that described by Coombs 

(1954, 1960) from New Zealand, on which the zeolite facies is based-, is 
known from the Canadian Cordillera but may well exist. Campbell and Tipper 
(I 969, pp. 68, 69) briefly describe zeolitic alteration of regional extent in 
probable Jurassic volcanic-elastic rocks in Bonaparte Lake (92 P) map-area. 
Schau (1968) reports zeolites in similar but slightly older rocks from the 
Nicola area (92 I). Other occurrences are mainly local. In western Anahim 
Lake map-area (93 C), H. W. Tipper (pers. comm.) found extensive devel
opment of laumontite in veins and Jurassic volcanic rocks over a zone 200 
feet wide. McTaggart and Thompson (1967, p. 1206) reported laumontite in 
highly fractured rocks along the Fraser Valley fault zone north of Hope. This 
local type of occurrence is probably related to hydrothermal activity, seem
ingly very different from the regional conditions producing the zeolite facies 
of Coombs, and is too restricted to show on the map. 

Mineralogy of units 2a and 2b 

Units 2a and 2b are transitional between and gradational with unit 2 and 

units 3 and 4 respectively. Mineralogically they are similar to rocks of unit 2 with 
local significant additions and more extensive development of secondary min
erals. Unit 2a corresponds approximately to the highest pressure, pumpellyite
chlorite facies and unit 2b to the intermediate pressure, pumpellyite-a ctinolite 
facies of Seki (1969). 

Unit 2a contains sporadically developed blue amphiboles, lawsonite 
and actinolite. Prehnite is very rare in these rocks. Basaltic rocks in this 
unit from northeastern Dease Lake map-area (I 04 J) were described by 
Monger (1969, p. I 4) as follows: 

"Commonly, pyrogenic plagioclase is altered to very fine-grained 
actinolite, epidote (?) and albite and the opaque minerals to 
leucoxene (?)and sphene. Other secondary minerals that are 
distributed across the map-area but not always present are 
stilpnomelane, the sodic amphiboles crossite and riebeckite, and 
pumpellyite. Small stubby prisms of lawsonite are scattered 
through the matrix of typical altered greenstones from a locality ... , 
but this mineral has been found nowhere else in the map-area." 

Unit 2b is similar to 2a in degree of alteration but the only charac
teristic mineral is actinolite which may be abundantly developed. Sodic 
amphiboles and lawsonite are absent, but pumpellyite and prehnite are 
present. Relict calcic plagioclase does not seem to be preserved in either 
unit 2a or 2b although it is reported from rocks included in unit 2. 

Apart from the presence of prehnite and pumpellyite, rocks of unit 
2b are mineralogically similar to those of the low-grade part of unit 4. The 
problem is where to draw the boundary between units 2b and 4 in areas where 
pumpellyite and prehnite have not been reported. For example, in Atlin 
map-area (104 N) Aitken (1959, p. 28) describes a metavolcanic rock as a 
"formless mixture of pale green amphibole, albite, chlorite, epidote and 
clinozoisite" and from this description the rock could well be included in 

unit 4. In this case the rock is of local occurrence only and grades into less 
altered metavolcanics containing actinolite with prehnite that retain some 
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original texture and arc typical of unit 2b. Elsewhere such a rock might be 
surrounded by totally reorganized rocks that locally contain biotitc. In this 
case it would be grouped with unit 4. This pragmatic approach is the best 
that can be done with the available information. The alternative is to include 
all rocks of units 2a and 2b in, respectively, units 3 and 4 where most of 

them certainly do 1JOt belong. 

Unit 3 

Unit 3, equivalent to the glaucophanc- lawsonitc schist facics of 
Turner, underlies a small area in Fort Fraser map-area (93 !<:)adjacent to 
the Pinchi fault zone. It contains the following minerals: glaucophanc, 
lawsonite, quartz, chloritc, white mica, jadcitic pyroxene, sphcne, arago
nitc, calcite, clinozoisite, pumpdlyitc and stilpnomelane (I. Paterson, pcrs. 
comm.). With the exception of relict pyrogenic pyroxene crystals in some 

n.ctabasalts and sorne grains in coarse elastic rocks, rocks in unit 3 arc 
thoroughly reconstituted. 

One occurrence of 'higher pressure' rocks than these is known in 
Tay River arca ·(l05 K), central Yukon, where eclogite consisting of garnet, 
pyroxene and amphibolc outcrops along a major fault in Tintina Trench. This 
rock is similar to cclogitcs in the Franciscan of California. Preliminary 
analyses of the garnet suggest a composition of 25 per cent grossularite, 25 
per cent pyrope and 50 per cent almandine. Approximately 25 mi les to the 
southeast, an outcrop of rnctaquartzite with scattered blue amphiboles is 
known fron1 the san1e fault zone (D. J. Tcn1pclman-l<lu it , pers. comn .. ). 

Unit 4 

Unit 4 is approximately equivalent to the greenschist facies of 
Turner. At the lowest grade it passes into units 2b and la and at the highest 
grade into unit 5. 

The characteristic mineral species arc quartz, albitc, muscovite, 
chloritc, cpidotc, trcmolitc-actinolitc, sphcne, and rarely, stilpnomclane, 
with biotitc, ch loritoid and paragonitc in higher grades. 

The boundary between rock of unit 4 and lower grade rocks has been 
discussed above . The boundary between uni.ts 4 and la is possibly at a 
slightly highc r grade than that between units 4 and 2b, as rock of unit la 
passes (locally?) directly into biotitc-bearing rocks of unit 4. 

The boundary between uni ts 4 and 5 is taken generally at the gar nC't 
isograd. Where detailed information is available, such as that given by 
Read (1966) from the Lardcau map-area (821< W 1/2). it istakcnasthcbound
ary between albitc-bearing rocks and rocks with oligoclasc or more calcic 
plagiocla sc. 

Rocks of unit 4 arc the lowest grade of classical regional rneta111or
phisn1 and n1ay forn 1 extensive schist terranes. This is in contrast with 

units 2a and 2b, in which schists occur only rarely and locally, as in incom
petent tuff beds between massive grecnstones. In unit 4, secondary minerals 
have co1nn1only grown so as to destroy any original texture and the n1incrals 
themselves arc generally coarse enough to be identified optically. One excep
tion to this is illustrated by Read (1966, p. 35) where primary textures arc 
partly preserved in rocks of the upper grccnschist facies. 

Rocks shown as unit 4 occur in the western Yukon and are largely 
unit 4 but may contain some rocks more proprrly grouped with unit 5. 
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Unit 5 

Unit 5 is equival ent to much of Turner's a mphibo litc facies and 
includes th e hi gh est g r a d e r eg iona lly metamorphosed rocks in the Canadian 
Cordi ll e ra. Wh e r e s ufficient informatio n is available unit 5 is subdivided by 
th e kyanite and sillimanitc i sograds. In places where ky a nite an d sillimanite 
h ave bee n r e p o rt e d but no i sograds drwan , the ir presence is indicate.cl by the 

symbols K a nd S . 
Minerals c h aracte ri s ti c o f this facies a r e plag i o clas e , commonly 

more calc i c than An 15, quartz, biotite , garnet , h o rnbl e nd e , c lin opyr oxcne , 
c hlorito id, diopside , K-feldspar, epidote , staurolite , kyanite , sillimanitc 

an d muscovite. 
Within unit 5 and shown by a h achur ed patter n, is a subdivision of 

the amphibo li te fa c ies c har ac t er i zed by th e d o minan ce o f granitic gn eisses . 
In this compilati on , h achurin g h as been restricted to gran iti c gne iss es in th e 
Shuswap Terrane of southeaster n British Columbia that fo rm the co r es of the 
three m a j o r g n e iss dome s (fr om north to south , t h e Frenchman ' s Cap, 
Thor-Odin and Valhalla domes) , the Malton Gne is s wedgP in the northeastern 
part o f the Shuswap Terrane and par t of the C l ac hn acudd a in Salient , 15 miles 
east o f R eve l stoke. Some o f the amphibolite rocks in the Coast Mountains 
may also belong to th is subdivision , but h ave n ot been separ a t ed . 

Granu lite facies r ocks d o not a ppear to be regionally developed in 
th e Canadian C ordille r a , a ltho u gh l oca lly the g ranulite facies is closely 
a ppr oach e d a nd even attaine d in the Va lh a ll a Gne is s dome (R eesor , 1965 , 
p. 50) and gneisses o f the G r and Forks a r ea , south-central British Columbia 
(Pr e to , 1967 , p . 83) and the H ope area , south western Briti s h Columbia 
(M cTagga rt and Thompson , I 967 , p. 1210). 

Unit 6 

A c h aracter isti c of unit 5 is the presence of l ayers , lenses and veins 
o f granitic and/or p egmatiti c rock. In many places there is a rough corr e
l at i on b e twee n the amount of graniti c material in a r ock and its g r a d e of 
metamorphism within th e amphibo lite facies . For examp l e in t h e Prince 
Rupert area , r ocks of unit 5 between t h e kyanitc and si llimanite isograds 
conta in b e t wee n 10 per cent and 20 per ce nt graniti c material , whereas above 
the s illim a nit e is ogra d g r an iti c material may be more than 50 per cent of the 
whole rock . S imila rly in the northern part of the Shuswap metamorphic com 
plex (whose boundary co in c id es ge ne rally with the sillimanite iso g rad) granitic 
material b eco m es abundant above the si llim an ite is ograd (R. B. Ca mpbe ll, 
pc rs. comm. ). H oweve r, a round th e Thor-Odin a nd Frenc hman's Cap granitic
gnriss domes of the Shu swap Terrane, an oute r enve lop e in (lowe r?) sillimanite 
gt·a d e is commonly d omin ated bypcgmatite, whereas an inner enve l ope adjacent 
t o th e core is r e l atively fr ee o fpegm a ti tC' (M cM illan, 1970; R eesor , 1970). In 
Aike n Lake map-area (94 C , W / 2) ro ck o f the Tcnak ihi G r oup is pr e dominantly 
schist , up to and l oca lly above the sillimanite isograd, whereas stratigraphically 
equiva lent, contiguous rock of the Wolverine Compl ex consists in l a rg e p a rt of 
granitic materia l, that a l so contain s sillimanite in a f ew pla ces. 

Unit 6 comprises h omogeneous and foliated g r a nitic r ocks . In many 
places throughout the Canadian Cordille r a , granit ic r ocks can be interp r eted 
as pre-, syn-, o r p ost -metamo rphi c . Nevertheless in a greater numbe r o f 
places (espec ia lly within the Coast Mountains and Shuswap Terranes) the time 
r e l ationships o f gran itic rocks t o enveloping metamorphic rocks are compl ex , 
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difficult to readily interpret and in most instances have not been reported. 
Consequently the writers have decided that available data are too incomplete 
to allow subdivision of this unit. 

Distribution of metamorphic rocks 

The most characteristic feature of the Canadian Cordillera is the 
two belts of granitic and high- grade metamorphic rock known on the east as 
the Cassiar-Omineca- Columbia belt and on the west as the Coast Mountains 
belt (Fig. 2). These belts merge in the Yukon and in the south come close 
together near the International Boundary. A possible third high-grade belt 
west of the northern end of the Coast Mountains forms the core of the Saint 
Elias Mountains in southwestern Yukon and southeastern Alaska. Low-grade 
metamorphic and unmetamorphosed rocks of the Intermontane belt separate 
the two major high-grade belts and rocks of similar grades occur west of the 
Coast Mountains and east of the Cassiar-Omineca-Columbia belt. 

There is considerable difference between the Coast Range belt and 
the Cassiar- Omineca- Columbia belt in relative amounts of granitic and meta
morphic rock. Much of the Coast Mountains consists largely of foliated to 
massive granitic rock with screens of metamorphic rock. In contrast, the 
eastern belt contains the extensive Shuswap metamorphic complex in the 
south, the Omineca metamorphic complex in the centre (the Wolverine com
plex of Roots, 1954, is the migmatitic part of this), and high-grade rocks in 
the Cassiar Mountains in the north. Compared with the Coast Mountains the 
amount of granite associated with these complexes is minor. 

As far as is known, the predominant type of metamorphism in the 
high-grade belts is Barrovian, although there are exceptions. In the Cascade 
Mountains, just south of the International Boundary the most extensive meta
morphism is Barrovian (Misch, 1968, p. 33) and this type continues to the 
north into the Coast Mountains. Metamorphism in the Prince Rupert area is 
similar. Little detailed evidence is available for the Yukon or the Cassiar 
Mountains, but metamorphism in the Omineca Mountains is of Barrovian type 
(Roots, 1954) . Farther south, the northern part of the Shuswap terrane is 
characterized by this type of metamorphism, with garnet-grade rocks grading 
into kyanite and then sillimanite- bearing rocks, whereas parts of the southern 
Shuswap terrane and high-grade rocks in the Grand Forks area, southern 
British Columbia, have minerals indicative of higher temperatures and lower 
pressures (Reesor, 1965; Preto, 1967). Possibly this type of metamorphism 
followed an earlier phase of Barrovian-type metamorphism (see Moore, 1969; 
Clark, 1969). 

In the two belts of granitic and high-grade rocks there is a crude 
correlation between stratigraphic level and metamorphic grade, although 
here isograds do transgress stratigraphic boundaries. In the northern 
Shu swap Terrane the bulk of the high- grade rocks are metamorphosed 
Proterozoic sedimentary strata even though high- grade metamorphism affects 
rocks as young as Upper Triassic (R. B. Campbell, pers. comm.). In the 
southern part of the ShuswapTerrane this stratigraphic correlation is not 
apparent and Paleozoic and possibly Triassic rocks are extensively involved 
in the metamorphism (Reesor, 1970, p. 85 and pers. comm.; Hyndman, 
1968, p. 34). In the Omineca Mountains the Proterozoic Tenakihi Group is 
more metamorphosed than the Paleozoic and Proterozoic Ingenika Group, 
which in turn is more metamorphosed than the upper Paleozoic rocks (Roots, 

1954). 
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Figure 2. Distribution of facies of classical regional metamorphism in the 
Canadian Cordillera. 
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In the low-grade rocks (units 2, 2a, 2b) west of the Coast Mountains 
and in the Intcrmontanc belt, isograds apj)('ar generally lo coincide with 
stratigraphic boundaries. The grade gradually increases with agC' of the 
rocks and thus presumably the depth of b11rial. Thr· mclan1orphisn1 hcrC' is al 

least partly analogous to the "burial metamorphism" of Winkler (1965, p. 13(>) 

where" . . . no additional thcrrnal energy was supplied, no 'lhC'rn1al domes' 
were set up". For cxan1plc, n1ost upper Paleozoic rocks arc in unit 2<> ur 
2b whereas the Mesozoic rocks arc in unit 2. Within unit 2, .Jurassic rocks 
are less n1Ctarnorphoscd than Triassic onC's. 

East of the eastern belt of high-grade rocks, the boundaries bclwC'cn 
units l and la, and la and 4 arc stratigraphic only in places. In lh<' western 
Rocky Mountains, pre-Middle Ordovician pL'litt>s have a slaty cleavage or arc 
phyllitic (and arc included in unit la), whe rcas Middle Ordovician and youngc r 
pc lites are argillites (and arc included in unit 1) (D. G. Cook, R. A. Price, 
pcrs. comm.). In Fcrnic map-area (82 G, SW and NW) Proterozoic rocks 
grade stratigraphically downward from unit la to unit 4 (G. B. Leech, pc rs. 
con1m. ). However, northwest of the latter area, in Lardcau (C'ast half) n1ap
arca (82 K E/2) the limits of the low-grade metamorphic units transgress 
stratigraphic boundaries (J.E. Reesor, pt'rs. comm.). 

The concept of paired mdamorphic belts proposed by Miyashiro 
(1962, p. 302) is applicable to the eastern, Cassiar-Ominc'ca-Columbia high
grade belt and adjoining low-grade rocks to the west in the Intcrrnontancbclt, 
but so far as is known cannot be appliC'd to the western, Coast Mountains 
belt. The high-grade rocks, with Barrovian-typc metamorphism arc largely 
n1ctarnorphoscd continental shelf and slope (n1iogeosync l ina l ) sediments and 
presumably lie at least partly on continental crust. This belt corresponds to 
the contincntward "inner n1ctan1orphic belt" of Miyashiro. To the west, low
grade upper Paleozoic rocks underlie the eastern n1argin of the Intermontane 
belt and locally (unit 2a, Dease Lake area (104 J); unit 3, Fort FrasC'r area 
(93 K)) exhibit high-pressure, low-temperature rneta111orphisrn. This assem
blage consists of basic volcanic rocks, associated ullran•afics, cherts, 
pelites and limestones, closely rcscrnbles assemblages flooring present-day 
ocean basins and has no known base. It is analogous to the "outer metamor
phic belt" of Miyashiro. In contrast arc the Coast Mountains. The only pos
sible rocks w:th "oceanic affinities" arc the extensive Triassic Karrnutscn 
basalts of Vancouver Island and Queen Charlotte Islands and the Tertiary 
Nctchosin basalt that occupies the southernmost tip of Vancouver Island, but 
these rocks lie on older sialic crust and are not associated with ultrarnafics 
and cherts . The only known occurrence of high-pressure mineralogy is the 
presence of lawsonite in Upper Paleozoic rock at the 49th Parallel on the 
west side of the Cascade Mountains, but this belt disappears immediately to 
the north into the predominantly granitic Coast Mountains (Monger, 1966). 

AGE OF MET AMO RPI-II SM 

In practical terms the age of metamorphism of a terrane is defined 
by the maximum and minimum possible ages. The maximum age is the age 
of the youngest rocks affected by either the highest grade of metamorphism 
or by metamorphism that passes zonally into the highest grade. The mini
mum age is (1) the age of the oldest rocks unconformably overlying the 
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high-grade metamorphic terranc, (2) the age of the sedimentary rock con
taining detritus from the metamorphic tcrranc, or (3) radiometric ages of 
minerals in either the metamorphic rocks or in cross-cutting plutons. Where 
the maxin1urn and n1inin1un1 ages are close together a reasonable idea of the 

age of metamorphism is obtained. 
In 1nost cases the maximurr, and n1inin1un1 limits are widely spaced 

and it is extremely difficult to know just when an episode of metamo1·phism 
took place. Events such as episodes of folding involving generation of meta
morphic minerals can be dated readily in relative terms within the terrane 
but it is difficult, if not impossible, to demonstrate their synchronism with 
folds and unconformitics in surrounding, datable unmetamorpho sed r ocks. 
Radiometric 'whole rock' potassium-argon (or rubidium-strontium) ages on 

metamorphic rocks may give an indication of the time of formation of meta
morphic minerals but more commonly may merely record the time of cooling 
below a certain temperature, which may be very different from their time 
of formation. 

The following review is intended to be a guide to the ages of meta
morphic episodes in the Cordillera. Direct evidence of age is given or 
referred to wherever possible. Inferences of age drawing upon folding epi
sodes and unconformities in unmetarnorphosed rocks contiguo us to the 
metamorphic terrane are largely ignored. 

Although Mesozoic metamorphism is almost entirely responsible for 
the metamorphic pattern seen today in the Canadian Cordillera, there is 
evidence for several earlier metamorphic episodes. The pre- Mesozoic rec
ord is very fragmentary, is known only from the eastern and western fringes 
of the Cordillera (Fig. 3) and relies heavily for support on radiometric dating 
that is generally open to interpretation. By contrast, in many places the 
Mesozoic metamorphism can be reasonably well-dated on structural and 
stratigraphic grounds. This Mesozoic metamorphism apparently reached its 
peak in Jurassic time in many parts of the Cordillera, but elsewhere, as in 
the Yukon, may have been slightly earlier, and in some places, such as in 
parts of the northern Coast Mountains, may have been somewhat later. 

Precambrian metamorphism 

In southeastern British Columbia (Fig. 3, loc. 2), the older Proterozoic 
(Purcell) strata are more metamorphosed than Cambrian rocks in contact 
with them (Leech, 1962, p. 2). It is thus possible to say that there was an 
episode of Proterozoic metamorphism in this region, but just when this took 
place is not known. The metamorphism is low grade (units la and 4 gener
ally) and westwards becomes masked by the predominant Mesozoic meta
morphism. It cannot be directly related t o the known episode of tectonism 
called the East Kootenay Orogeny by White (1959, p. 62) which is recorded 
by the regional unconformity between Purcell strata and younger Proterozoic 
(Windermere) beds, although Leech ( 1962, pp. 5, 6) considers that this is a 
possibility. Radiometric age dates on micas in these low-grade rocks range from 
212 m.y. tol,310 m.y. Leech (1963, 1967, 1968) considered that this vari
ation is produced by dating ( 1) detrital micas that give old age dates but which 

may be partly updated by later metamorphism, (2) metamorphic micas 
formed in Precambrian time, variably updated by Mesozoic metamorphism 
and (3) metamorphic micas of Mesozoic age. In northern Idaho, Reid et al. 
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(1970) have obtained an age of 1,525 m. y. from zircons in augen gneiss 
that was intruded during deformation and metamorphism of the surround
ing older Proterozoic rocks. Possibly some reflection of this event 

occurs north of the International Boundary . Recent whole-rock rubidium
strontium measurements by Ryan (1970) on a stock from southeastern British 
Columbia indicate an age for the stock in excess of 1,200 m.y. According to 
Leech ( 1962, p. 3) this stock intruded a pre- existing anticlin e in the J;'urcell 
rocks. Time of formation of the anticline is possibly the same as that of the 
deformation to the south. 

The great metamorphic complex of the Shuswap region, which lies 
to the northwest of the above Proterozoic rocks and was previously thought to 
be a Precambrian metamorphic complex (Jones, 1959, pp. 127-133) but now 
is known to consist largely of Proterozoic and Paleozoic sedimentary rock 
metamorphosed mainly in Mesozoic time, contains gneiss domes and wedges 
(Fig. 3, loc. 1). Ross (1970, p. 61) has speculated that these ar e reactivated 
stratigraphic equivalents of Hudsonian rocks in the Canadian Shield, that 
according to Burwash et al. (19 64 ) were formed about 1,800 m.y. ago. How
ever, Reesor (1970, p. 86) feels that rather than remobilization of an olde.r 
gneiss i c terrane , the gneiss domes and surrounding metamorphic rocks 
developed during the same episode(s ) of metamorphism from rocks of similar 
stratigraphic and structural position that have undergone varying degrees of 

metamorphism. 
Low-grade regional metamorphism of argillaceous Proterozoic 

rocks in Olgivie, Richardson and northern Wernecke Mountains, northern 
Yukon (Fig. 3, loc. 3) was reported by Gabrielse (1967, p. 274). 

In the San Juan Islands and Cascade Mountains of northern Washington 
(Fig.3 , loc. 5) Mattinson (1'970, p. 116) has reported uranium-lead ages of 
1,600-2,000 m .y . on zircon in gneiss. The significance of these ages in 
terms of metamorphism are not known, but similar rocks to those containing 
the zircon are found just north of the International Boundary in the Cascade 
Mountains. 

Lower Paleozoic (or older ? ) metamorphism 

Best evidence for lower Paleozoic (and/or older?) metamorphism 
comes from the western part of the Cordillera, in southeastern Alaska and 
the Cascade Mountains. 

In the Bokan Mountain area of southern Prince of Wales Island, 
southeastern Alaska (Fig. 3, loc. 4) early Paleozoic, probable Ordovician, 
quartz diorite and quart z monzonite (dated at 431,446 m. y.) discordantly 
intrude slate, schist, gneiss and amphibolite (Lanphere et al., 1964, 
MacKevitt, 1963 ). Metamorphism of the latter rocks would ~eem to be 
regional from their nature and must be Ordovician or older. From the same 
region Berg (1970) has reported 2 Middle (?)Silurian stock (dated at416 m, y.) 

that intrudes greenshcist facies metamorphic rocks, Areal extent of 
this metamorphism is unknown, but if related to the regional Siluro- Devonian 
uplift in southeastern Alaska (Buddin gton and Chapin, 1929) it may be 

widespread. 
Pre- Middle Devonian metamorphic rocks unconfo rmably underlie 

upper Middle to lower Upper Devonian rocks in the San Juan Islands, north
western Washington (Danner, 1967) (Fig. 3, loc. 5). Metamorphic rocks of 
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similar lithology to the pre-Middle Devonian rocks occur on th e mainland to 
the east and northeast as fault slices on the western side and within the axial 
gnei ss belt of the Cascade Mountains (Misch, 1966, pp. 104- 108). Mattinson 
(1970), on the basis of radiometric studies on zircon and sphene, has sug

gested that the age of metamorphism there is about 400 m.y. In Canada, 
such rocks are exposed on Vedder Mountain, 60 miles cast- southeast of 
Vancouver (unit 5 + 2 on map 1322A) and farther east, on the western side of 
the axial granites of the Cascade Mountains . They are amphibolites, horn
blendites, foliated quartz di o rites and schists, originally belonging t o unit5, 

but downgraded to unit 2 (McMillan , l 966) . 

Lower Paleo zo ic metamorphism 

There is scattered evidence for probable lower Paleo zoic metamor
phism on the eastern side of the Cordillera (Fig. 3, lac. 6). In Tay River 
(10 K) and Frances Lake (105 H) areas of central and southeastern Yukon, 

greenschistfacies rocks of biotite grade ar e overlain by Devona-Mississippian 
elastic rocks (Tempc lman-Kluit, 19 68, and pcrs. comm., Blusson.£!~·, 
19 66 ). In Tay River area it is probable that Ordovician to Silurian sedimen
tary rocks overlie the metamorphic rocks as well, although the contact is 
not exposed. The composition of thC' underlying metamorphic rocks ther e is 
such as to suggest that they wer e originally Cambrian strata. Thus meta
morphism in this region can be dated as d efini tely pre- Middle D evon ian , 
probably Cambra- Ordovician. 

Mid-Paleozoic metamorphism 

Low-grade metamorphism of Late Devonian(?) age producin g phyl
litcs a nd scrnischists in th e Upper DC'vonian or older Ncruokpuk Forn1ation 
in the Brooks Range, northeastern Alaska, is described by Recd (1968). 
Similar rocks continue eastwar d for about 100 mi!C's and arc exposed in the 
northwcs t ernrnost Yukon (Norris.::_!~. , 1963) (Fi g . 3, loc. 7). ThC'sc ar<' 
shown on map 1322A as belonging to unit la. 

Quartz- mica- schist c las ts in upp e r Paleozoic conglomeratC's in 
Jennings River rnap-arC'a (104 0) (Gabrie lsC', 19 69 . p . 14) and schist c lasts 
in Permian conglomerate in Wolf LakC' map-area (105 B) (Poole, 19 60) pre
sumably indi cate an episode o f n1ctarnorphi srn in the Cassiar Mountains region 
prior to late Paleozoic time (Fig. 3, luc. 8 ). 

In Aitken Lake map-area (94 G W /2) in Omineca Mountains, Roots 
(1954 , p. 107) postulated an episode of post-Lower Cambria n, probable prc
Mississippian granitiza tion and 111e t an.o rphi s111 that formed th e rnig111a titi c 
Wolverine metamorphic complex (Fi g. 3, Joe. 9) . Evidence for this is that 
(1) the metan10rphic rocks arc derived frum sedimentary rocks as young as 
Early Cambrian, and (2) in the map-area thl're is a possible Mississippian 
conglorncrate containing clasts of granite and schist, seeming ly derived fro m 
th e metamorphic tcrrane. J. 0. WlH't'lt'r (pC'rs. comm .) feels that this con
glon1cratc may be much younger because (1) it is unique in that no other 
Mississippian conglomerate contains plulonic clasts and (2) it is adjacent to 
a fault that elsewhere has Late Cretaceous or TC'rtiary conglon1craks along 
it. If th<' conglc>me ratC' is in fact uf Late CrctacC'ous or Tertiary agC' 
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metamorphism in this region could be as young as mid-Mesozoic and thus 
largely contemporaneous with that of the Shuswap terrane to the south. 

Farther south, in Lardeau map-area (82 K) on the eastern edge of 
the Shuswap Terranc, Wheeler (1968, p. 57) has reported variously oriented 
foliated boulders of Proterozoic (?) grit in Upper Mississippian conglomer
ates (Fig. 3, 10) . Micas parallel to the foliations in these boulders arc evi
dence of some intra- or post-Proterozoic, pre-Upper Missi ssippiah 

metamorphism. 
Finally, in Whitesail map-area (93 E) on the east side of the Coast 

Mountains, limestone of possible Permian age is in contact with gneissic 
rock (P. B , Read, unpublished report) (Fig. 3, loc. 11). If the contact the re 
is a stratigraphic one, then the relationship indicates pre-Permian 
meta morph ism. 

Permo-Triassic (? ) blueschist metamorphism 

The best evidence to date indicates that rocks of blueschist and 
related facies (units 3, 2a) were formed in Permo-Triassic time. 

In Dease Lake map-area (104 J) the grade of rocks of Late Permian 
age is transitional to the blueschist facies (Monger, 1969). This metamor
phic mineralogy is related to the oldest of two sets of structures. By con
trast, rocks of probable Late Triassic age in fault contact with these arc far 
less metamorphosed (unit 2) and contain structures analogous to the younger 
of two sets of structures in the older rocks. On this basis it appears as if 
blucschist-type metamorphism in this area is of Permo-Triassic age. How
ever, whole- rock potassium-argon age dates of 165 and 129 m. y. on crossite 
schist from this area possibly imply that the blueschist metamorphism is of 
Jurrassic- Cretaceous age. If this is so, then we are seeing the different 
effects of metamorphism and deformation at various levels in the crust. 

In the Fort Fraser area (93 K) blueschists are developed in Permo
Pennsylvanian rocks adjacent to the Pinchi fault, which separates them from 
little metamorphosed (unit 2) Upper Triassic rocks (Ian Paterson, pers. 
comm.). The structural situation in this area is comparal::le to that near Dease 
Lake and possibly the dating problems are common to both areas. 

Blueschist-type metamorphism is present on the west side of the 
Cascade Mountains in Hope map-area (92 H W /2) just south of th~ International 
Boundary in Washington State where rock ages of 259 m. y. and 218 m, y. 
(namely Permian and Triassic) were obtained on crossite schist (Misch , 
19 66, p. 109). However, Monger (1966, p. 93) found lawsonite in feldspars 
in probable Lower Jurassic rocks just north of the International Boundary 
(in area shown as unit 2a). Unfortunately it is not known whether this law
sonite is detrital or formed in situ. 

Age of the metamorphism that produced eclogite and blue amphiboles 
along the 'l'intina fault zone in the Yukon is not known, but is possibly Triassic. 
The metamorphism may reflect movement on the fault zone at this time. 
(D. J. Tempelman-Kluit, pers. comm.). 

In summary, most evidence favours an episode of Permo-Triassic 
metamorphism producing blueschist-type mineralogy, but the possibilitythat 
this may be younger (in part?) cannot yet be excluded. Ultimately it should 
be possible to date this type of metamorphism precisely, as it appears to 
result from short- lived events such as rapid burial in a low geothermal 
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gradient followed by rapid uplift (Ernst, 1965, p . 909) or by high pore
pr e ssure during overthrusting (Blak e ~ al., 1969, p. 243). Th e latter typ e 
of mechanism is perhaps applicable h e r e; all blue schist-type m e tamorphic 
rocks known in th e Canadian Cordill e ra ar e n ear major faults. 

Mesozoic metame.rphism 

In contrast to th e fragmental picture presented abov e, Mesozoic 
regional metamorphism appears to b e larg e ly r e sponsibl e for th e great r e gional 
high-grad e complexes of th e (e astern) Columbia-Omineca-Cassiar belt, th e 
(we stern) Coast Mountains and possibly th e St. Elias Mountains of north
w e st e rnmost British Columbia sho wn on Figure 2. Wh e r e this m e tamor
phism can b e dat e d more pr e cis e ly than just 'M e s ozoic' it appears to b e 
fairly tim e- r es tricte d. In addition t o 'classical' r e gional m e tamorphism 
ther e is the l ow -grade, s o -called burial metamorphism (Winkler, 1965, p. 136) 
that formed th e rocks includ e d in units 2 and po s sibly 2b that are char
acte ristic of th e Inte rmontan e and Insular belts of British Columbia . There 
th e appar e nt effect is of metamorphism incr e asing gradually with depth, so 
that upp e r Pal eo zoic rocks ar e more alt e r e d than Triassic rocks and so on, 
and it is impossible to ascribe a dat e of metamorphism for th e se rocks other 
than Mesozoic and possibly ea rly Tertiary . 

The problem of age of metamorphism as it r e lates to level of expo
sure is extrem e ly difficult in Meso zoic regional metamorphism. For exam
ple, in th e Cassiar Mountains m e tamorphism is of e arly M e sozoic age in a 
pr e dominantly greenschist t e rrane. In th e Shuswap t e rrane, 700miles south
ward along strik e , it is of probable Jurassic age in an amphibolite terrane. 
Is this diffe r e nce in age real, or only apparent and due t o d ee per e r o sion 
in the ShuswapTerrane, exposing rocks that w e r e metamorphosed for a 
longer tim e? Such questions cannot be answe r e d at pr e s e nt, butanawareness 
o f this probl e m has to accompany ev e ry discussion of age of metamorphism. 

Regional metamorphism of Mesozoic age is discussed geographi
cally in the following section. 

(a) Northern Cordill e ra 

In the Cassiar Mountains and to the northe ast in the Pelly Mountains 
of south-c e ntral Yukon, available evidence indicates that the major episode 
of metamorphism is Triassic. In Jennings Riv e r ( 104 0) Carboniferous and 
(?) Permian rocks of low- grade (unit 2b) are unconformably overlain by 
Lower Jurassic (?) sedim e ntary rocks (Gabrielse, 1969). The low-grade 
rocks are compositionally similar and adjacent to undated greenschist and 
amphibolit e grad e rocks in the axial part of Cassiar Mountains and may rep
resent the lowest grade part of the same metamorphic series. On the south
west side of Cassiar Mountains, in D e ase Lake map area, quartz-mica schists 
are ove rlain by Upper Triassic-Lower Jurassic rocks (Gabrielse, 1969, p. 19). 
Potassium-argon ages of 222, 214 and 194 m. y. on micas in green

schist-grade rocks and regionally discordant Early Jurassic plutons support 
the stratigraphic evid ence of a Triassic age of metamorphism. 

Farther northwest, in the western Yukon, there is the extensive 
metamorphic terrane of the Yukon Group. Earlier this was thought to be a 
Precambrian metamorphic complex (Cairnes, 1914, p. 44) but later work has 
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shown that it contains metamorphosed Proterozoic and Paleozoic strata 
(Green and Roddick, 1962, L.H. Green, pers. comm.). To the west in east
central Alaska, Foster (1968, p. 6) reports that greenschist-grade rocks 
equivalent to the Yukon Group appear to be continuous with Upper Silurian or 
Lower Devonian sedimentary rocks. In Whitehorse map-area (105 D) the 
Yukon Group is overlain with angular unconformity by probable mid-Cretaceous 
rocks, and possibly by Upper Jurassic- Lower Cretaceous rocks (Wheeler, 
1961, p. 28). Radiometric ages on metamorphic rocks of this terrane are as 
old as 202 m.y. and on plutonic rocks, 223 m.y. (Gabrielse, 1967, p. 286). 

Related to time is the problem of much younger plutonism in the 
northern Cordillera. Does the abundance of Cretaceous and Early Tertiary 
plutons in the northern Cordillera (Gabrielse, 1967, p. 286) imply that (1) 
metamorphism continued at depth in this region until the Tertiary (2) there 
was a second, younger metamorphic episode accompanied by plutonism or 
(3) there was a later plutonic episode totally unrelated to metamorphism? 

(b) Omineca Mountains 

As noted above, metamorphism in Omineca Mountains was consid
ered by Roots (1954) to be of pre-Mississippian age and that Wheeler (pers. 
comm.) queried this, suggesting that it could be Mesozoic. Several age 
dates on gneissic rocks of the same metamorphic complex from Pine Pass 
area (93 0) gave early Tertiary ages (Muller, pers. comm.). This may 
suggest that the metamorphic rocks either did not cool in this area until a 
very late date, or were reheated at a late date. 

(c) Southeastern British Columbia 

Southeastern British Columbia contains the extensive Shuswap meta
morphic complex. This term has no stratigraphic connotations but refers to 
an assemblage of high- grade metamorphic rocks whose boundaries generally 
coincide with the sillimanite isograd (Reesor, 1970, p. 73). 

The northern end of the ShuswapTerrane is in the Cariboo Mountains 
(parts of map-areas 83 D, M; 93 A, G, H) where the high- grade rocks, mainly 
metamorphosed Proterozoic sedimentary rocks, plunge northwards under a 
structurally and metamorphically concordant cover of largely Paleozoic 
rocks and are flanked on the west by Upper Triassic and Lower Jurassic 
rocks (R. B. Campbell, pers. comm.). On the west side of the complex 
there is a zonal gradation over a distance of 10 miles, from little metamor
phosed Upper Triassic-Lower Jurassic rocks (unit 2), through Upper Trais sic(?) 
rocks of gr~enschist grade to Upper Triassic (?) rocks of amphibolite 
grade. The amphibolite grade rocks pass into higher grade and older rocks 
comprising typical Shuswap terrane (Campbell and Campbell, 1970). Thus 
the maximum age of Shuswap metamorphism is post- Upper Triassic, prob
ably post-Lower Jurassic. The minimum age is given by Eocene rocks 
exposed to south and west of ShuswapTerrane in Bonaparte Lake map-area 
(92 P) that contain clasts derived from the metamorphic terrane (Campbell 
and Tipper, 1969; R. B. Campbell, pers. comm.) and Tertiary rocks 
(Oligocene or Miocene) that overlie the Shuswap Terrane in Vernon map-area 
(82 L) (Jones, 1959). A radiometric age date as old as 143 m.y., obtained 
from a small pluton that discordantly intrudes greenschist·grade rocks near 
the northern margin of the Shuswap'l'errane, indicates that there metamorphism 
had stopped by Late Jurassic time . 
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Metamorphism in the southC'rn part of the Shuswap Terranc is post
late Paleozoic and may be of comparab!C' age to that in the north. Reesor 
(1970, pp. 85, 86) concluded that mC'tamorphism post-dated Mississippian and 
possibly Triassic time and pre-dated the Tertiary. The maximum age is 
based on the compositional similarity of known Mississippian rocks outside 
the Shuswap Terrane to some of the metamorphic rocks within. The minimum 
age based on stratigraphy is given by the great unconformity between the 
metamorphic terrane and overlying Tertiary rocks. Cross-cutting plutons 
in the ShuswapTcrrane near Revel stoke and farthc r south near Monashcc 
Pass give ages of 1 IO and 95 m.y. respectively (WhcclC'r, in Wanless~~., 

1965, pp. 16 , 17; Baadsgaard~~·, l!:: GabriclsC' and Reesor, 1964, p. 137) 
and imply at least a pre- middle Cretaceous age for the metamorphism. At 
the southern end of the ShuswapTc rranc, low- grade metamorphic rocks 
derived in part from Lower Jurassic strata apparently grade zonally into 
high-grade Shuswap rocks (Hyndman, 1968, pp. 33, 39). These are cut by 
post-metamorphic plutons that have radiometric ages of 69 and 74 m. y. and 
other less definitely post-mctan1orphic plutons with ages of 107 and 123 m.y. 
(Hyndman, 1968, p . 68). The time of cooling of these plutons was Cretaceous 
although the older rocks might have been cmplaced in the Jurassic. Thus if 
the age of the low-grade metamorphism in this area is the same as that of 
the peak of the high-grade Shuswap metamorphism, then the latter is of pos
sible Midcile or Late Jurassic age. 

(d) Cascade Mountains 

According to Misch (1966, p. 113), the major episode of regional 
metamorphism in the Cascade Mountains is probably of early Mesozoic or 
possibly late Paleozoic age but other workers consider that it is younger, 
the evidence is reviewed by McTaggart (1970, p. 143}. North of the 
International Boundary the axial gneisses of the Cascade Mountains appear 
to be metamorphosed upper Paleozoic rocks (McTaggart and Thompson, 1967, 
p. 1208). South of the International Boundary, Misch (1966, p. 113) sug
gested,on the basis of some lithological similarities, that the gneisses were 
possibly derived in part from Pennsylvanian and Permian strata. A mini
mum age is given by sedimentary rock of Hautcrivian age (Lower Cretaceous) 
that outcrops on the cast side of the Cascades. This rock contains metamor
phic clasts derived from the axial part of the Cascade Mountains, indicating 
uplift and exposure of the metamorphic complex at that timC' (Coates, 1970, 
p. 151}. On the west side of the Cascades granitic clasts arc known from 
sedimentary rocks as old as Late Jurassic (Misch, 1966, p. 118) and locally 
detrital micas become abundant in Upper Jurassic or Lower Cretaceous sed
imentary rocks north of the International Boundary, indicating exposure and 
erosion of a high-grade metamorphic or granitic terrane in the region 
(Monger, 1966, p. 95) . An unequivocal minimum age is given by Eocene 
elastic rocks that unconformably overlie gneissic rocks in the core of the 
Cascades north of the International Boundary. This stratigraphic evidence 
for pre - Cretaceous, possibly pre- Upper Jurassic metamorphism is sup
ported on structural grounds by the major mid- Cretaceous faults, which cut 
and mylonitize the axial gneisses, imply ing that the gneisses were cooled by 
this time. However evidence indicates that possib ly some metamorphism 
may be later. McTaggart ( 1970 , p . 20 ) s u ggested that me tamorphism was 
closely re lated t o mid- Cretaceous deformati on , the main basis for t h i s being 
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the 76 m . y. potassium-argon age date of an apparently anatectic granite 
associated with the gneissic rock (McTaggart and Thompson, 1967, p. 1211). 
This late date of metamorphism is suggested by recent uranium- lead geo
chronological work which suggests that some gneiss just south of the 
International Boundary in the core of the Cascade Mountains was formed in 
Late Cretaceous and earliest Tertiary time (Mattinson, 1970). Possibly in 
the Cascades the main episode of metamorphism had ceased before the 
Cretaceous, but locally metamorphism continued well into the Cretaceous. 

(e) Coast Mountains 

The Coast Mountains extend for about 1,100 miles from Vancouver 
to the Alaska- Yukon border. Within this belt the age of metamorphism 
appears to be bracketed between early Jurassic and late Cretaceous time, 
but locally there is evidence of an earlier metamorphic event. 

Evidence of an ear ly Mesozoic metamorphic event is found in the 
Stikine area of northwestern British Co lumbia. Souther and Armstrong 
(1966, p. 173) report that Middle Triassic and older strata were metamor
phosed in pre-Late Triassic time. Evidence for this is best seen in the 
Tulsequah map-area ( 104 K) where Middle Triassic and older strata are of 
greenschist grade (unit 4) whereas younger strata are s carcely meta mor
phosed (unit 2). Metamorphism similarly inferred to be of possible Triassic 
age has been reported from the Bella Coola map-area (93 D) by Baer (1968). 

A maximum age for mid- Mesozoic metamorphism is based on scarce 
evidence. In the Mount Waddington area (92 N), (Tipper, 1969) Prince 
Rupert area (103 I, J), and parts of southeastern Alaska (Buddington and 
Chapin, 1929) strata probably as young as late Upper Triassic and possibly 
Lower Jurassic have been metamorphosed up to lower amphibolite grade. 

A minimum age based on stratigraphy can be set at only a few other 
places. In the Mount Waddington area (Tipper, 1969) metamorphosed strata 
are overlain by Hauterivian (Lower Cretaceous) sedimentary rocks. Farther 
north in Nass River area (103 P) Upper Jurassic sedimentary rocks on the 
eastern margin of the Coast Plutonic Complex are largely unmetamorphosed, 
although they locally contain pelitic stringers bearingandalusite (E. W, Grove, 
pers. comm.). 

Additiona l information on the minimum age of metamorphism is 
provided by potassium-argon dates on plutons within or cutting the metamor
phic strata. At the northern end of the Coast Mountains, near Juneau, Alaska, 
Forbes and Engel (1970) report potassium-argon dates on hornblende of 57 
to 60 m. y. for rocks within the kyanite isograd. In the Coast Mountains 
south of Prince Rupert the oldest potassium-argon date within the metamor
phic complex is 140 m. y. In this region the age dates fall into three regional 
belts; a western zone of 84 to 140 m.y., a central zone of 64 to 70 m.y. and 
an eastern zone of 45 m.y. It has been suggested (Hutchison, 1970) that this 
distribution may reflect sequential uplift and unroofing of the metamorphic 
complex from west to east. The scant information available therefore sug
gests that in the Coast Mountains the main phase of metamorphism (that 
affecting higher level strata) is of mid-or Late Jurassic age, but that deeper 
levels of the central zone were maintained at relatively high temperatures 
until uplifted and unroofed in Cretaceous and possibly locally in early 
Tertiary time. 
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(fl Insular belt 

High-grade metamorphic rocks (units 5, 4) on the west coasts of 
Vancouver Island and the Queen Charlotte Islands appear to be related to 
Middle to Upper Jurassic plutons. On Vancouver Island Muller (1969, pp. 
20, 21) reported the gradation of one pluton on the west coast into enveloping 
gneisses on the one hand, and its sharp, intrusive contact with nonmigmatic 
rocks on the other. The metamorphic rocks themselves are considered to 
be derived from upper Paleozoic rocks. Farther east, the plutons form 
discrete bodies in very low grade rocks (unit 2) and have been dated as Middle 
to early Late Jurassic with ages ranging from 160 to 166 m.y. In the Queen 
Charlotte Islands, Sutherland Brown (1968, p. 140) noted the association of 
amphibolite grade rocks with probable Late Jurassic plutons and suggested 
that the plutonic rocks were derived by melting and mobilization of Upper 
Triassic basaltic rocks. 

CONCLUSIONS 

Although this map can only be regarded as an interim presentation 
of data it is possible to arrive at some conclusions which may remain little 
changed in the future. 
( 1) The pattern of metamorphism seen today was largely formed in the 
Mesozoic, although the record of metamorphic events may extend as far back 
as 2,000 m. y. As far as is known the contribution of early metamor
phic episodes to this pattern was relatively minor. 
(2) Mesozoic metamorphism resulted in two main belts containing granite 
and metamorphic rock of greenschist and amphibolite facies separated and 
flanked on east and west by sub- greenschist facies rocks and unmetamor
phosed rocks. These two belts merge in the north in the Yukon and possibly 
in the south near the International Boundary. They are the sites of the most 
intense deformation and greatest uplift. 
(3) The two high-grade belts differ in the relative amounts of granitic rock 
and metamorphic rock they _contain. The eastern, Cassiar-Omineca-Columbia 
belt consists largely of metamorphic rock except for its dominantly granitic 
southP.rn end, whereas in the western Coast Mountains belt, granitic rock 
predominates. 
(4) In both high- grade belts the metamorphism is dominantly of the classical 
Barrovian type. Exceptions occur in the southern ShuswapTerrane and the 
Coast Mountains, in which there is very local development of later cordierite
andalusite as semblatie s or high-temperature Buchan- Abukuma type 
metamorphism. 
(5) There is a close relationship between depth of burial and grade of meta
morphism. In the sub-greenschist facies rocks of the Intermontane belt and 
east and west of the high-grade belts the isograds in general closely follow 
stratigraphic boundaries. In the high-grade belts this is true in part, although 
here isograds commonly transgress stratigraphic boundaries. 
(6) It is probable that the eastern, Cassiar- Omineca- Columbia belt, which 
is flanked on the west locally by blueschist-type metamorphism, is one of 
Miyashiro's paired belts. There is no evidence that this is so for the west
ern Coast Mountains belt. 
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(7) The low-grade, sub-graenschist facies rocks appear to be systematically 
altered and changes in them are commonly not just local and due to hydro
thermal activity or autometamorphism (although this may be true in some 
cases). Thus these rocks can be groupe d on a pressure-temperature curve 
just as well as rocks long recognized as metamorphic rocks. It is hope d that 
this report will stimulate active searching for the critical metamorphic 
minerals - namely prehnite and pumpellyite - in such rocks, 

Finally, the writers wish to stress again that the map is a first 
approximation. They realize that it probably contains errors resulting from 
their first-hand knowledge of only limited areas of this vast region, and the 
consequent probability of misinterpretations of data from parts not personally 
known to them. To this end, they would welcome any constructive criticism, 
comments and particularly data. Such correspondence will be kept on file 
with a view to constructing a more refined version of the map in the future 
and should be sent to: Head, Cordille ran Section, Geological Survey of 
Canada, 6th Floor, 100 West Pender Street, Vancouver 3, B. C. 
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APPENDIX I 

INVENTORY OF METAMORPHIC MINERALS 

1 
2 

Metamorphic map of British Columbia and Yukon 
Code for inventory 

1-4 NTS map number 
5-7 Compilation number 

3 Cols. 
4 Cols. 
5 Cols. 
6 Col. 
7 

11-13 Number of location (for that NTS area) on inventory map 
15 Report number for a particular location (may have 0-9 

8 Cols . 
9 

10 

reports for one location) 
16-17 Rock type BA Basic 

PL = Pelitic 
OT = Ot her 

19-20 Assemblage=AS or occurrence =OC 
22-23 Map unit U 
24-25 Facies II 

11 Cols . 
12 Cols. 
13 Cols . 
14 Cols . 
15 

27-28 , 31-32, 35-36, 39-40, 43-44, 47-48 , 51-52, 55-56, 59-60 , 63-64 
Metamorphic minerals (see code below for names) 

16 
17 

Means may or may not be present 
& Means always present 

18 Cols. 
19 

66-79 References Cols. 66-75 Author's name Cols. 76-77 date 
*After name means et al., pc after date means personal communication 

20 
21 
22 
23 AB - Albite (An 0 -15 

AC - Actinolite 
AM - Amphibolite 
AN - Andalusite 
AP - Anthophyllite 
BI - Biotite 
CA - Ca rbonate 
CB - Carbonaceous and/ 

or graphit ic 
CD - Chloritoid 
CL - Chlorite 
CM - Clay minerals 
CN - Co rundum 
CO - Cordierite 
CP - Calcic plagioclase 

(An 15-100) 
CR - Chondrodite 
CU - Cummingtonite 
CX - Clinopyroxene 
CZ - Clinozoisite 

---CODE ---

DI - Diopside 
DO - Dolomite 
DU - Dumortierite 
EP - Epidote 
FI - Fibroli te 
FO - Forsterite 
FS - Feldspar 
GA - Garnet 
GC - Glaucophane 
GE - Gedrite 
HE - Hematite 
HO - Hornblende 
HY - Hypersthene 
ID - Idocrase 
JP - Jadeitic 

pyroxene 
KF - Potash f eld-

spar 
KY - Kyanite 
LU - Laumontite 
LW - Lawsonite 
MI - Mica 

MU - Muscovite 
OP - Orthopyroxene 
PA - Paragonite 
PH - Prehnite 
PP - Phlogopite 
PU - Pumpellyite 
PX - Pyroxene 
QZ - Quartz 
SA - Sali te 
SC - Scapolite 
SH - Sphene 
SI - Sillimanite 
SL - Spinel 
SP - Stilpnomelane 
ST - Staurolite 
TA - Talc 
TR - Tremolite 
WM - White mica 
WO - Wollastonite 
ZE - Zeolite 
ZO - Zoisite 
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APPENDIX 1 

METAMORPHIC INVENTORY 12 MARCH 1970 

Thie supplement replaces the original data (pages 34-43) pr es en ted in the 
published version of Paper 70-33 

In order of Location I for each NTS (National Topographic System) Number 

To find a report in inventory for a location on map 

read NTS I (eg . 92) and location I (.47) in that area. On the inventory 
below read down the NTS l's (to 92 in example) and then look for the 
unique location number ( . 47). 

To find a location on map from inventory 

Note: 

- note NTS I and location I. Look at map for unique NTS I and then the 
unique location number in the NTS area. To fac ilitate location, the 
alphabetic eubdiviaion of each NTS area has been listed on the inventory 
efter the NTS I. Each NTS area is divided into 16 sub-areas of 
1° latitude and 2° longitude as follows: 

In the following print-out the symbol & is equivalent to the + sign 
referred to on page 34 of the original text. 

Loe Minerals Author Date 
T 

---------------- --- ---- -- --- --
820 AS AC &EP &AB &OZ PARKER 64 

820 1 I 1 AS AC c.Cl f,AB c.EP c.cz -CA -SH PARKER 64 

820 1.2 AS Cl &WM &AC &HO &CO &GA PARKER 64 
-----

820 1,3 AS HO &CA &Ql PARKER 64 

820 l 14 AS az ftl!:E r.ce -Bl -MlJ . -SI -co ~~- 64 

820 115 AS KF &RI &SI PARKER 64 
-----------·-·------ - . 

82E 2 AS az &WM &Bl OKULITCH 69 

llZE 2.1 A .S az C.B I C.AB HP Oi<;llL ll<.:M f,Q 

* 

* 



NTS -,-
B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

B2E 

82E 

82E 

82E 

82E 

Loe 
I 

2.4 

206 

3 

3,1 

4 

5 

6 

7 

B 

9 

9.1 

9,2 

9,3 

- 36 -

Minerals 

AS Ql &Bl &GA &ZO &SH 

AS Bl &CZ &SH &QZ &AB &WM 

AS Cl [.AC f,(A rnz 6AB CB I 

AS HO &AC &CL &SH 

AS CA f,QZ &CL 

oc QZ Bl WM Cl 

oc AC QZ CP EP CA CL 

oc CP HO QZ 

QC Cl CA QZ EP 

oc co 

oc ST 

oc op 

AS Ql &KE &CP -SI &BI &GA 

AS Ql &CP &Bl &GA -CO -S! -OP -KE 

AS Ql &Bl &CP &GA -ST -MU 

AS CP &CX &Ql -SC -WO -Bl -SH ___________ _.:.. ____________ --

82E AS ex &WO &GA &ID 

B2E 9.5 AS CA &CX -cp -SC -CR -PP 

B2E AS CA &EO &SC &SL 
----------

82E 9,7 AS HO &CP -ex -Bl -KE -QZ -SH 

82F 10 oc "GA £.SI KE 

82F 11 AS Bl &QZ &CP -GA -KF 

Author Date 

OKULITCH 69 

OKULITCH 69 

OKULIT(H 69 

OKULITCH 69 

OKULITCH 69 

12 

OALY 12 

REINECKE 15 

LEROY 12 

PRETO 67 

PRETO 67 

PRE!O 

PRETO 67 

PRETO 67 

PRETO 67 

PRETO 67 

PRETO 67 

PRETO 67 

PRETO 67 

65* 

REESOR 65* 
----------------------------- - - -- - - -------

82F 11 • l AS Bl &CP &QZ -SI -GA -KE REESOR 65* 

82F 11I2 AS SI &GA &QZ &BI -KE REESOR 65* 

B2F 11,3 AS Ql &CP &BI -GA -SI -KE REESOR 65* 

82F llo4 AS HO &CP -GA -Bl -QL REESOR 65* 

B2F 11 I 5 AS CP &HO -QZ -GA PX REESOR 65* 

B2F 12 AS CP &81 &QZ &KF &HO REESOR 65* 

B2F 12ol AS CP &Bl &QZ &KF REESOR 65* 

82F oc CL CROSBY 
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T 
82f 

82F 

82F 

R2f 

82f 

82f 

82f 

82F 

82f 

82f 

Loe -,-
l 3. l 

14 

15 

15 .I 

16 

H1. l 

16.2 

17 

1 8 

18 .I 
- ---- ----

82f 18.2 

B2F I 9 

82f 20 

- 37 -

Minerals 

AS OZ -MU -AB -Kf -CL 

AS OZ &MU &Bl -CL -Kf -AB 

AS OZ f,MU &A I f,GA -Cl -cp 

AS OZ &CA &MU &PP -Kf - CP 

AS OZ &CP &MU &Bll&CPl&SI &AB2&Bl2 &C L2 

AS oz &MU -cp -BI f,KYJ-SI -c12 

AS OZ &CP &MU &Bl &CL -GA -KY -SI -CO 

AS OZ &AB &MU &Bl &GA &KY 

AS OZ f,Cp &Mll f,B I f,C! &GA &SI 

AS OZ &CP &HO -Bl - CA 

AS OZ &MU &CD &GA - CP -Bl 

AS oz , M11 -ce -e 1 -C' 

oc OZ AN GA BI 
------------- - - --------·---·- --

82F 21 oc OZ MU Bl -GA -KY -SI 

Author Date 

CROSBY 

CROSBY 

CR O SBY 

l ROS BY 

CROSBY 

CROSBY 

lR OS BY 

l ROSBY 

c ROSSY 

CRO SBY 

CROS BY 

68 

68 

68 

68 

68 

6 8 

68* 

68 

68 

6 8 

~¥---~--

RIC E 56 

FYLE S 67 

_ _.,e.s.2.._F ___ _....2..._2 __ ---><o.>...c ___ ,...o.._z ___JMu_U,,___B..._._1 --'c>-Jp.___-_,G..,,A,,___-__.,_s I _ __ _____ _ J YLES.. _ _ _f:J__ __ 

82f 23 oc CP HO -Bl -CL - CA -EP -SH FYLE S 67 

82F 24 oc OZ MU CL -CP -GA1-STI-WM2-CL 2 FYL ES 67 

82K 25 AS OZ f,MU &AB f,CA -('.L -=-CJ)_. _____ _ HYNDMAN 68 

82K 2 5 .I AS OZ &MU &AB &Bl -CL -AC -EP -CD HYN DMAN 68 

82K 25.2 AS OZ &MU &AB -CL1-GAI-CL2 HYNDMAN 68 

-~8~2~K ___ _,._2~5ie~3---"'-A~S ___ O~Z"--'&~A~B"----&~C~A~&~M_,U,.____-_,C~L~---------~H~Y~ND.MA1::!. ___ __b_B____ __ 

82K 25.4 AS OZ &AB &Bl &CL -MU HYNDMAN 68 

82K 25.5 AS ANZ&OZ &CP &WM &AC &CA &EP HYNDMAN 68 

-~8~2~K ___ __.._2 ,,_6 __ ___cA'l.S,,____ __ _,A:lJB"'--l&oLJBoLLI __,&...,A"'C...__.&._.E ... P___.fu,O._.Z_-_._M_..,U"----_,C..,A,__-_.K..._F_-_.c_._1 ___ ~H~v~N~D~M~A t:_L_ __f>lL __ 

82K 26.1 AS AB &AC &Bl &OZ -CL -CA HYNDMAN 68 

82K 26.2 AS AB &OZ &Bl -MU -CA -CL -EP HYNDMAN 68 

82K 26.3 AS AB &DZ &WM £CA -FP -(! 4-3----

82K 26.4 AS AB &OZ &DO &MU -AC -CA HYNDMAN 68 

82K 27 AS AB &EP &CL &CA *HYNDMAN 68 

82K 21.1 AS AB &OZ f.(A &C' -WM -EP -TA *HYNOMMI 68 



NTS 
-ll-

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

an 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

82K 

'82K 

82K 

82K 

82K 

Loe 
-II-

21.2 

27.3 

28 

2 8 el 

28.3 

26.4 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

- 38 -

Minerals 

AB &EP &OZ &WM &CA &Bl -CL 

AB &AC -CL 

oZ '(P i BI 0" I 's I 
OZ &CP &Bl &SI &GA -MU -STl 

OZ &CP &BI 

OZ &CP &KF &Bl 
------ - ________ " ____ _ 

Author Date 

*HYNDMAN 

*HYNDMAN 

HYNDMAN 

HYND~AN 

HVND~.01 

HYNDMAN 

68 

68 

68 

68 

68 

68 

68 

28.6 AS OZ &KF &CP &Bl &MU &HO &AN &KY &ST &CD HYNDMAN 68 

29 AS 

29.1 AS OZ &KF &Bl -CP -SH HYNDMAN 68 

29.2 AS OZ &CP &BI &GA HYNDMAN 68 

29.3 AS OZ f,B I -MU CP 68 

29.4 AS OZ &MU &Bl &ST -CP -GA -CD HYNDMAN 68 

30 AS OZ &CP &Bl &KF &GA &SI -SH HYNDMAN 68 

30.l AS OZ f.81 f,KF f,cp f.Ml! f,S I 68 

3 l oc WM REESOR 57 

32 AS BI &MU &AB &OZ REESOR 70 

33 AS CL f.MU f,AB f.QZ RffSOR 70 

34 AS OZ &MU &CAl&CL &CA2-AB2 READ *66 

34 AS OZ &AB &MU &CA -CA READ 66 

35 AS OZ &KE &Bl &MU &CZ 66 

35.l AS OZ &AB &Bl &MU -CL READ 66 
- -----------

3 5. 2 AS AB &OZ &BI &CA READ 66 

35.3 AS AB &OZ &Bl &Cl &CA 66 

35.4 AS CL &Al &CA -EP -AC *READ 66 ________________________ " __________ --- --- "--
82K 35.5 AS CL &Bl &MU &AB -SP READ 66 

82K AS A I f,MU f,AB f.Fp READ 66 

82K 35.7 AS SP &CL &CA &AB READ 66 

82K 35.8 AS TR &CL &MU &CA &AB READ 66 

82K 36 oc GA CP Bl MU EP CZ -CD READ 66 



- 39 -

NTS Loe Minerals Author Date 
-u- -II-

82K 36.l oc GA CP Bl MU EP CZ -co -ST -AN READ 66 

82K 36.2 AS ex & TR &KF &CA &CP -MU READ 66 

B 21!; 36.3 AS Bl ~!:ii I [,(I t oz l ce -Ee -AC Rt;:6 C 

82K 37 oc CL MU FYLES 62 

82K 18 oc CL MU CD Bl AM FYLES 64 

821!:: 3~ Q( GA SI BI E¥LES (,l1 

82K 40 oc CD FYLES 64 
--·----------- ---- -----· -- --- - --------

82K 41 oc oz MU FYLES 64 

!l2L !i2 Q( Cl 

A2L 43 oc GA FY SON 70 
-- ------

82L 44 oc SI FY SON 70 

B2l 45 Q( GA s ~ 70 

A2L 46 oc GA &S l &KF REESOR 10* 
------ ----------

82L 47 oc WM CA ZO FP CL AB oz JONES 59 

82L 48 oc oz WM CL CA zo AB Ep -Bl JQNL5 ____ 59 

A2L 49 oc SI GA fl! JONES 59 
----- -------~----·--- .. -- ---·---

!l 2L 50 OC KY JONES 59 

IOl':lES __ _5_9 ____ 

82L 52 oc KY JONES 59 

B2L ------- 53 --oc KY st JONES 59 

82L 69 AS oz &CP &KF &GA &SI FROESE 70 ------ ----
82M 54 oc oz CP KF Bl SI KY WHEELER 64 

~ 55 oc:-- --· oz WM - ---- -
WHEELER 64 

82M 56 AS SI KF CP oz ___ MCl-:11 LLAN _lQ_ _ __ 

A2M 57 AS SI KF MU KY MCMILLAN 70 
----B"?M -----~ -- -- A S SI KF MU MCMILLAN 70 

82M -59 oc oz Bl MU GA CAMPBELL 62 

82M 59.1 oc oz - KF CP Bl CAMPBELL 63 
----------------·-- -------------82M 59.2 oc CP HO oz CAMPBELL 63 

82M 60 oc oz CP KF Bl KY GA Wl:JEELEB 6!i 



NTS 
T 
A2M 

82M 

82N 

82N 

82N 

82N 

82N 

82N 

83D 

--8- 3D 

8"1D 

83D 

Loe 
-II-

61 

63 

64 

65 

66 

67 

68 

68.1 

2 

4 

- -!O -

Minerals 

oc oz CP KF Bl SI GA 

OZ CP KF Al GA 

oc OZ CP KF Bl GA SI 

oc oz BI MU GA KY 

oc oz BI MU GA s T AN Ky 

oc WM 

oc Al CL -CD -PA 

AS --- oz &MU &CL 

AS 

oc 

oc 

oc 

oc 

oz &CA &DO 

GA 

KY ST 

KY ST 

SI 
___ 8_3_D ____ 5 ___ o_c ____ s_1 ______ . - - -- -

83D 6 oc GA 

92A AS HO &BI &CP &OZ &SH 

92A 1. 1 AS HO &CP &CX &SH -al=BI -KF 

92A i.2 AS BJ &KF &CP &OZ &Fl 

92A 1.3 AS SA &HO &CP &GA -AI -CA -SH -QZ 

2 oc ex (P 

2 . 1 oc AC EP 

92A 2.2 oc CR 

92A 2.3 oc GA STBI CP -KY 

Author Date 

WHEELER 

WHEELER 

WHEE! ER 

WHEELER 

WHEELER 

64 

64 

64 

62 

62 

WHEE! ER -62---

JONES 70 

SIMONY& 70 

SIMONY& 70 

CAMPBELL 67A 

CAMPBELL 67A 

CAMPBEi L 67A 

CAMP>!ELL 67A 

CAMPBELL 67A 

PRELL 67.A __ 

HAWKINS 68 * 

HAWKINS 68 

HAWKINS 68 

HAWKINS 68 

MISCH 66 

MISCH 66 

MISCH 66 

MISCH 66 

92A 2.4 0 BI HO CU GA CP OZ -MU -AC -ST -KY MISCH 66 

92G 3 oc CP HO Bl RODDICK 65 

92G 3.1 AS CP &OC&"Kf&f\! _________ ---
RODDICK 65 

92G 4 AS CP &HO -OZ -KF RODDICK 65 

92G AS CP &OZ &CX RODDICK 65 

92G 5 AS CP &HO - RODDICK ---65 

92G 5.1 AS QZ &C X &EP -Ul RODDICK 65 



NTS 
T 

'l2G 

Q?G 

Q2G 

92G 

Q?G 

Q/G 

Loe 
-II-

6 

7 

8 

9 

Q, l 

l 0 

l I 

AS 

AS 

oc 

AS 

AS 

or 

AS 

or 

- 4 I -

Minerals 

OZ [,\P &PI &OP 

OZ f,HO &A I &OZ 

CP Bl 

CP &Bl &OZ &GA -CZ 

CP f,HO 

AB FP AM ---- ··----

CP f,HO &OZ -K F 

Al 

Author Date 

RODDICK 

RODDICK 

RODDICK 

65 

65 

65 

PHEM!STER 45 

_______ ..!£.':i£ .~. I ~ T_ffi __ ~.5 ______ _ 

PHEM!STER 45 

AOSTOCK 63 

____ 0 __ 2:..c __ , _____ l::__:_? ---'-o--'c _____ A_"' -~ ~ ~ __ "0 _ _££'._____ -~~ __________ _ - - - JiA.C_Q~ _____ .2_ 7_ __ -

Q2G I 2, l oc 

9/H 11 AS 

9?H I 3 , l AS 

Q;>H 1 3. 2 AS 

1 ~.' AS 

O?H 1 "3 ,4 AS --------
92H l ' . 5 AS 

9?H 13.6 AS 

92H. ___ __:1__:3~,:_7 __ A __ S __ 

9?H l '. 8 AS 

o;>H I 3. 0 AS 

9?H I 4 AS -----------
02H 1 5 oc 

l 6 0( 

AM AB tl I FP CL *BACON 57 

OZ &CP &CL &Al &GA &SI -Ky &WM -ST REAMSBOTT .69PC 

OZ &CP &R I &GA -HO -WM -EP 

OZ &CP &CL &Al &GA &G~ -KF ---- ---· -- - -- ·-------
OZ &CP &KF &RI &WM 

OZ &AB &CL &Al &GA -EP &WM 

OZ &CP &ZO &HO &CX &CA &WM 

OZ &CP &Al &G~ &ST -WM -CL 

OZ &AO &EP &CL &WM 

Atl AM 

AB HO 

RFAMSB OTT .69 PC 

RfAl'SAOTT , 69PC 

__________ f3~_MSBO_T_T .69PC 

RE"AMSBOTT ,69PC 

REAMSBOTT,69PC 

REAMSBOTT .69 PC 

RfAMSBOTT .69PC 

REAMSBOTT,69PC 
-----· 

LOWES 69PC 

LOWES 69PC 

'l?H 1 7 oc ____ c.::..P __ HO 1QWES _____ _99P(: __ 

1 ll oc ST KY S I LOWES 69PC 

9?H 19 oc S I LOWES 69PC 

__ 9 __ ? __ H ______ ? c_O ___ o_cc._ ____ A __ N __ l -~T_ 2_5'. .... ~ _!'1u2'--K'--Y-"? _______ - ---- - -- _ ~E AQ _ _ ___ 6_0 __ 

9?H 21 oc GA A I SI M(l AGGAR T 6 7 

92H 22 oc BI GA SI -1-'U RODDICK 69 

92H 2 2 .1 oc 8 I _?_I__ ---------- - __ RODDJO:: 69 
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-#-

92H 

92H 

92H 

92H 

92H 

9?H 

92H 

9?H 

92H 

92H 

92H 

92H 

92H 

92H 

92H 

9?.H 

9;>[ 

92! 

Loe 
T 

23 oc 

24 AS 

25 AS 

26 AS 

27 oc 

27 .1 oc 

21 . 2 0( 

27,3 oc 

27.4 oc 

28 oc 

29 AS 

30 AS 

31 AS 

3 1. 1 AS 

3 l • 2 AS 

31 • 'I AS 

"12.J oc 

oc 

34 oc 

- 42 -

Minerals Author Date 

BT GA ST KY RODDICK 69 

CP &OZ &GA &AT -SI -CL HUTCHISON 69PC 

CP &OZ &GA &ST &KY &Bl -Cl -SH HllTCH{SON 69PC 

BT &GA &ST &OZ &CP -KY -MU 

HO CP 

HO Cl CP OZ SH 

HO GA WM OZ AB 

GA SH AA WM OZ CL EP 

HO AB WM ZO -OZ -AB -PH 

AB EP CL -PU -LW -CA 

AB HO FP OZ CL 

HO CP SH 

ex r,cP 

ex &HO &CP 

HO &GA &Fl I &CP 

CP &OZ &Al &GA &ST &KY 

CPl AMl GAl Bl2 CL2 WM2 AC2 

MU CL BI EP AC 

AN KY ST GA CP QZ 

SANT ER 69 * 

MCMILLAN 66 * 
____ ___l!Mu.C.,,Mul...1.l ...1.l..JAuN,._----6.6-!t --

MCMILLAN 

-MCMri'.uN 

66 * 

66 * 
MCMll I AN 66 * 

MONGER 66 

MONGER 66 

_ ____ __eMJ.J.OtlGFR 66 

MCTAGGART 67 

MCTAG GART 67 

MCTAGGART 67 ______ _ 

MCTAGGART 67 

MCTAGGART 6 7 

MCTAGGART 67 * 

HOLLISTER 66 

HOLLISTER 66 

__ o_ ?_T ____ "l_4_._l __ o_c _ _ __ A N 1 Ky? s I,_,'-------------------- .tifil.Ll~!..ER_6.'L.!__ 

35 

"15. 1 

92! "'15. 2 

9?! 

92! "16 .l 

37 

971 '38 

9?.G "19 

40 

oc 

oc 
oc 

oc 

oc 

oc 

oc 

oc 

oc 

AA OZ lO WM CL PH PU EP SCHAU 68 

AB OZ lO EP WM CL AC CA -PU SCHAU 68 * 
OZ WM LU ·------------"-S(HA"'U"'--__ 6_jl ____ _ 

Bl EP OZ AA CL -CA -WM SCHAU 68 

HO ACJ OZl AAJ-EPJ-All CL2 SCHAU 68 

Ol Fl! HO DUFFEL L 52 

OZ WM Bl -EP -CL -WM -GA DUFF ELL 52 

CL MATHEWS 58 

AN BANCROFT 13 



NTS -,-
92L 

92L 

92M 

92M 

qzM 

92M 

Loe -,-
41 

42 

41 

43.l 

44 

45 

46 

oc 
oc 

oc 

oc 

oc 

oc 

oc 

- 43 -

Minerals 

CL BI -HO -CP 

CL Bl 

BI CL EP 

HO CP 

CP HO Bl 

SI BI GA 

CL &EP 

Author Date 

HUTCHISON 69PC 

HUTCHISON 69PC 

HllTCH I SON 69PC 

HUTCHISON 69PC 

RODDICK 68 

RODD !CK 68 

HUTCHISON 69PC 
---------------------------------- ---------9?N 47 oc KY MATHElolS 57 

92N 48 oc GA Bl SI RODDICK 68 

49 oc GA Bl RODDICK 68 
- ---------92N 50 oc GA Bl MU -CL &RODDICK 68 

-~9~2~N!._ __ __.:5~1'---~o~c~--~A~B,_ CL EP RODDIC( 68 

o;>O 52 oc AB EP WM -PH TRETTIN 61 

51 oc BI CP GA SI CAMPBELL 69 

o;>P 54 oc OZ MU BI CL CP -KF -EP -GA CAMPBELL 69 

92P 55 oc HO EP ZO CP -CA CAMPBELL 69 

92P ___ s s:-i:- ---oc-- ----oz WM CB -CA ----· ---- CAMPBELL 69 

92P 56 

92P 56.l 

92P 57 

92P 58 

92P 59 

oc 

oc 

oc 

oc 

oc 

oc 

CP CL EP OZ -CA -AM -WM -Bl 

CP AM EP CL 

OZ MU Bl -GA 

AM CL EP CA AB WM -oz -PH 

CL -CA -PH -OZ -ZE 

CL -CA -ZE 

__ 9~2_F ___ __:_6~l _______ PU PH -LU 

92B 62 oc OZ AB AM ZO 

92B oc oz AB AM C L EP zo BI CA 

928 62.2 oc OZ BI GA ST SI AN 

928 63 oc OZ AB EP OZ CA 

92B 64 oc KY 

92B 65 HO CP 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL - 6-9--.--

SURDAM 66 

CLAPP 17 

CLAPP 17 

CLAPP 17 

CLAPP 17 

CLAPP 14 

I IBBY 



NTS 

T 
93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93A 

93D 

93E 

'l3E 

93E 

93E 

93E 

93E 

93E 

93H 

93H 

93H 

93H 

Loe -,-
oc 

2 oc 

3 oc 

4 oc 

5 oc 

6 oc 

7 oc 

8 oc 
9 oc 

10 AS 

11 AS 

12 AS 

12.1 AS 

13 AS 

14. l AS 

14.2 AS 

15 oc 

16 oc 

- 44 -

Minerals 

GA 

KY ST GA 

SJ 

BJ 

GA Bl 

SJ \ 

KY ST 

KY ST 

GA 

QZ &KY &MU -Bl 

QZ &ST &MU &CP -Bl -KY 

az &GA -Bl -MU -CP -CL 

QZ &HO -GA -Bl -CP -CA 

QZ &CD &MU &AB GA 

QZ &MU -Ml &CA 

az &WM -AB -CA -CL 

SJ GA Bl 

CL -EP 

17 oc ---cCE"PAc" __ _ 

18 

19 

19.l 

19.2 

20 

20.1 

21 

21.1 

22 

23 

oc 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

oc 

oc 

BI GA HO 

AB &CL &EP &Bl &QZ 

AB &CL &EP &QZ &AM 

AB &CL &EP 

CP &OZ &KF &MU &Bl &EP &HO -GA 

HO &Bl &EP &CP &OZ 

QZ &MU &CL -CD 

QZ &MU &BJ -AB 

CP CL CA EP 

QZ AB KF MU Bl CL -GA 

Author . Date 

CAMPBELL 70 

CAMPBELL 70 

MPBFI I 70 

CAMPBELL 70 

CAMPBELL 70 

CAMPBELL 70 

CAMPBELL 70 

CA MPBELL 70 

CAMPBEi I 70 

CAMPBELL 69 

CAMPBELL 69 

CAMPBEi I 69 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL 69 

CAMPBELL 69 

BAER 68 

BAER 67 

READ 63 

READ 63 

STUART 60 

STUART 60 

STUART 60 

STUART 60 

STUART 60 

SUTHERLAND57 

SUTHERLAND57 

SuTHERLAND63 - -

SUTHERLAND63 



NTS -,-
Q''lj 

93J 

931( 

9 31( 

9'31( 

931( 

Loe -,-
7.4 

2 5 

26 

27 

2 7. 1 

21.2 

27.3 

oc 
oc 

oc 

AS 

AS 

AS 

AS 

- ~~--- --2 8-- AS 

9 31( 28.1 AS 

931< 29 AS 

931( AS 

- 45 -

Minerals 

GA 

MI GA CL 

CL W"1 

GC &LW &OZ -CL -WM -CA 

JP &LW &OZ &CL -GC 

GC &LW &PX &SH -CL -CA -PU -SP 

GC &LW &CZ &CA 

CL EP oz CA 

CL AB EP SH CA PH 

AC &CZ &CL &A B &SH 

CL &AB &CA &SP &SH 

Author Date 

MULLER 

MULL ER& 

Mil! I ER[, 

69 

69 

69 

PATERSON 69PC 

PATERSON 69PC 

PATERSON 69PC 

PATER SON 69PC 

PATERSON 69PC 

PATERSON 69PC 

PATERSON 69PC 

PATERSON 69PC 

_ __'.9~3~N:.._ __ __;3~!._1 __ :::..::.0C ___ ~H~O:__~A~B::_~E~P-~O~Z~___..:=_C~A--~C~L------------'A~R~M~STRONG 49 

9'3N '32 oc AM CL FS ARMSTRONG 49 

Q3N oc ---~zo --o.-'Ho- cL ARMSTRONG 49 

--=9~'3~N'.._ ___ 1~4:_ _ __:0~C ___ ~C~L'--~F~P-~n~z=-------------------"-ARMSTRONG 49 

93N 35 oc 

93N 'n, -·-- oc 

930 37 oc 

930 38 oc 

QC 

93A 40 AS 

93A 41 AS 

42 AS 

OZ CP MU Bl GA KF 

CL WM -BI 

OZ Al MU FS -GA 

GA 

OZ &HO &CL -AI &CA -EP ----
OZ &AB &CL &W"1 -Bl 

OZ &CP &CL &Al &GA -CA -KF &WM 

ARMSTRONG 49 

ARMSTRONG 49 

61PC 

MULLER 61PC 

MllLLER 69PC 

____ F Q_!i:!1~~.....':L

F LET CHER 69PC 

FLETCHER 69PC 

__ 9_3_A ____ 4_3 ____ A_S _ _ __ o_z (,(P &Bl &WM &GA &KY -s:i: ________ - fJ, lOT(~~K _Mfl --

93A 44 AS OZ &CP &Bl &WM &CL &GA FLETCH ER 69PC 

93A 45 AS OZ &CP &Al &WM &GA -CL -ST FLETCHER 69PC 

46 AS OZ &CP &CX &CA &EP &KF ____ fLEl.DiER 69PC 

93A 47 AS OZ &CP &Bl &WM &GA &KY -SI -ST -CL FLETCHER 69PC 

93A 48 AS OZ &CP &Bl &WM &GA &ST &SJ -CL FLETCHER 69PC 

93A 49 AS OZ &AB &MU &CL El ETCHER 69PC 
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T 
94( 

94C 

94C 

94C 

94C 

94C 

94C 

94C 

94C 

94C 

94C 
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94D 

94D 

04D 

94L 

94L 

10 3A 

!() 3C 

101F 

101H 

103H 

103H 

101H 

101H 

Loe 
T 

2 

3 

4 

5 

6 

7 

8 

9 

9.1 

10 

11 

12 

14 

16 

17 

3 

3.1 

4 

5 

5. 1 

7 

8 

9 

10 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

oc 
AS 

AS 

oc 

oc 

AS 

AS 

AS 

AS 

oc 

oc 

oc 

AS 

oc 

oc 
AS 

oc 

oc 

AS 

oc 

oc 
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Minerals 

QZ &Bl &MU &CP -GA -KY -ST -SI 

QZ &Bl &MU &FS -EP -CL 

az &BI &MU &GA -KY -SI 

QZ &BI &MU &GA -KY -SI 

QZ &Bl MU -GA -FS 

QZ &WM &CL -~I 

QZ &WM &CL -Al -GA 

------- ----- -- - - - - -
WM CL 

QZ AB KF Al MU -SI 

HO CP Bl 

QZ Bl MU CP GA -CA 

QZ CP Bl GA KF 

AM CP 

CA CL ZO 

FS CL EP 

FP ZO CA WM 

---·------WM CL 

OZ Ml GA 

SI GA 

GA 91 

Al 

--- -------

HO &PC &OZ -CL -Bl -CZ 

HO PC 

HO PC 

AB &OZ &WM &CL &EP &Bl 

AC CL EP 

KY 

KY &ST &CP &GA &Bl 

Si 

GA Bl 

Author Date 

ROOTS 54 

ROOTS 54 

ROOTS 54 

ROOTS 54 

ROOTS 54 

ROOTS 54 

ROOTS 54 
- -----·---

ROOTS 54 

ROOTS 54 

ROOTS 54 

DOLMAGE& 28 

DOLMAGE& 28 

LORD 48 

LORD 48 

LORD 48 

LORD 48 

GABRIELSE 62PC 

GABR!ELSE 62PC 

BAER 68 

BAER 68 

*SUTHERLAND68 

SUTHERLAND68 

SUTHERLAND68 

RODDICK IP 

RODDICK IP 

RODDICK IP 

RODDICK IP 

HUTCHISON 69PC 

RODDICK 

RODDICK 

IP 

IP 



NTS 
T 
l03H 

103H 

l03I 

Loe 

T 
11 

12 

13 

103I 11.1 

oc 

oc 

AS 

AS 

AS 

- 47 -

Minerals 

8 I CL 

CL EP AM 

CP &OZ &SI &KF -GA -MU 

AN &HO -AI -O Z 

CP &OZ &MU &SI -KF -GA 

Author Date 

RDDDICK 

RODD I CK 

IP 

IP 

______ HUTC~J ~..Q_N __ ---1.£_ _ _ _ 

HUTCHISON IP 

HUTCHISON IP 

_....:1....:0....:3:...:I:.._ ___ =-l =-5 __ __:_:A....:S ___ _:C:_P__:f,:...:0:...:Z:.._&::..:K..:._F:.._&:::_K'"-'..Y_.:c..f,.=G..:._A_ - _c::C-=L'--------- - !i.U_I s;_i:i I_~Q.ti__I ~ - _ 

103I 16 AS OZ &CP &KF &RI -MU HUTCHISON PC 

1111 I 16.1 AS OZ &CP &RI &GA -51 -M U -KF HUTCHISON PC 

_ _,l....:0:...:3:....:Ic..._ __ __,1...:7 __ _;_;Ac..=S ___ ..=0.=Z-"-&-"-C-P_..;.&-'-'K-'-F-"-&~B~I--'-'M~U- ---- ------ ____ J:H.l_TCl::t.lS.QN ·- _.IE_ __ _ 

1031 

- lo31 

1 7.1 

17.2 

AS 

AS 

OZ &CP &SI &Bl -GA -MU -KF HUTCHISON Ip 

oz &CP &SJ &BI &MU - GA &co HUTCHISON IP 

_....:l:...:0:...:3:_I:.._ ___ ~l ..:._7..:.•..:.3 _ _;.;A_:S ___ _co:...:z:_ & c p &_~ & co ~.l!fil_ _____ ·---- _ _ fi\LU:HI SQ!'( _. _J.f' 

103I 1 8 oc 

103J 19 AS 

103J 20 AS 

103J 20.1 AS 

EP CL BI AM 

-oz&A-M&AB -·:E:p -CZ -BI -CL 

QZ &CL &Bl &WM -CA 

OZ f,AB &CL &WM 

&DUFFFLL 64 

*HUTCHI!>ON 67 

HUTCHISON __ _!?._ ___ _ 

HUTCHISON Ip 

103J 21 AS OZ &CP &~U &Pl &GA -CL -ST -CD HUTCHISON IP 

_....:1:...:0:...:3::..:J:.._ __ _:2~1~·:...:l:..___;_A~S=---- OZ &CP &Bl &HO~--

10 '.'IJ 

- l03J 

103I 

103J 

22 

22.1 

23 

24 

24. I 

AS OZ &CP &Bl &MU -GA -KY -KF 

AS CP &HO -BJ -OZ 

AS CP &OZ &Bl -GA -MU -KF 

AS CP &OZ &Al &GA -KF -SJ 

AS CP &CX -CA -OZ -HO -KF -BJ 

__ l_0..:._3..:._J ___ _:2~4-=·....:2:__o_c ____ S..:._J_..:;_BI MU ST co 

103J 25 

l 03J 26 

l03J l7 

103K 28 

103K 29.l 

oc 

oc 

oc 

oc 

oc 

OZ SI MU CO KF 

SJ 1-'U KF 

SI KF 

EP CL 

SJ OZ 

CP &MU &EP -HO 

-----·-· _H_l.J_TCHJ SOt:! ·--~-----

HUTCHISON IP 

HUTCHISON JP 

HUTCHISON JP ---- - --- ----- -
HUTCHISON PC 

HUTCHI!>ON IP 

______ __ l:!_l!_I_C!i.L~O":! _!:_c; __ 

HUTCHISON PC 

HUTCHISON PC 

BUDDINGTON29 

BUDDJNGTON29 

..J,B.llDD.lliG.T_Qtl.2..9__ ·- -



NTS -,-
103K 

l 1'!30 

1030 

1030 

1030 

l03P 

Loe -,-
30 

3 1 .1 

32 

33 

34 

35 

- 48 -

Minerals 

oc SI GA 

KY GA Bl CP OZ 

AS HO Al cp -OZ -GA 

AS SI BI CP OZ GA 

oc KY 

oc ST 

oc AM 
- -10-30 ____ 3_6 _____ A_S _____ EP--C-L--A-B ___ o_z _ __ t.10 ___ - ---

1030 36.1 AS EP CL AB OZ MU AC CA HE Bl 

l03N "17 or r>llJ A I CL 

38 oc EP· CL CA PH 

Author Date 

BUDDINGTON29 

SMITH 70PC 

SMITH 7QPC 

SMITH 70PC 

BUDDINGTON29 

BllDDINGTON29 

HANSON 35 

BERG 69 

BERG 69 

GREENWOOD 69 

SAINSBURY 61 

_ __:_1~0~3~J ___ _.:_1~9 ___ 0:::..::_C __ __:A~B:'..._~C~L=--~C~A:::.._-~B~l,__-~E~P-----------'-M~A~C~K~F~V~E~T__._T_fU__ __ 

1030 40 oc 

103J 41 AS 

101J 41.1 AS 

104C oc 

104C 2 oc 

GA BI EP OZ CP 

GA Bl MU HO 

HO Bl GA MU 

ST 

---sf -

WRIGHT 5PC 

CLARK 70PC 

( L Afl,_,K~-~7'--"oe_c _ _ 

BUDDINGTON29 

BUDD1NGTON29 

-~1~0~4~C ____ 23 __ ~o~c~--~S~T.!_~K~Y.!_ _________ _ ______ BUDDINGTON29 

104C 

- 104C--

4 

5 

oc 

I)( 

ST KY BUDDJNGTON29 

SI BUDDINGTON29 

-~1~0~4~C'-----~6 __ ~o~c ___ S::..__!__T __:K~Y_:__~M~U~ _______ ______ _,,Bul~JD~D'-'--I~ 

104C 7 

l04C 8 

104E 9 

104E 9.1 

l04F 10 

104F 1 0 .1 

104F 11 

l04F 12 

oc OZ ~I MU CD 

AS -- CP -f,GA &Bll&"4Ul&Al?&KY:?&sr2 

oc QZ AB FP 

oc CP HO 

oc CP HO 

oc GA BI MU 

AS CP &OZ& BT .:.Mo-=-GA 

&BUDDINGTON29 

&BUDDJNGTON29 

LATHRAM 65 

LATHRAM 65 

BUDDINGTON29 

BUDDINGTON29 

BUDDJNGTON29 

&AUDDJNGTON29 

_ _:1~0~4~F ___ __::l~3 __ _::._o~c ___ o.::_Z_B=--::.._l_M~U _______ _ _ ______ BUDDJNG_T_O_N~2~9 __ _ 



NTS -n-

l04F 

I04F 

I04P 

104P 

Loe 
-II-

14 

l r; 

l 7 

l B 

oc 
oc 

oc 

AS 

- 49 -

Minerals 

()l BI CL W"I 

AR AM Al GA MU 

Author Date 

&9UDD I NG TON29 

&RUDD I NG TON29 

·---------- -- _ ...G.ABR..1£L5.f:...-6..2P...c.__ 

CL WM GABR IELS E 62PC 

()l f,A I &MU - GA GABR!fL SI:. 63 

-~1~0~4-'-'-P ____ _:.l~B~·~l'---'-A~S'-----Q~l=----C-=-P-~K~F-~B~l_MU _ G_A..BB.lE L..5 .,.E_,,,6_,_3 __ 

lf)4P I 9 or CL GABRIELSE 63 

l (14P 20 oc AC lO Cl AB CA CL SH GABR !fL SE 63 

-~!~0_4_P ____ =2~0~·~1-~0~C~ ___ A_A_ CL Cl AC -CA - PH ___ G AB.F l EL !U: 6.3 

104J 2 l 0( 

104J 21 ol AS 

l04J 22 AS 

23 oc 

AS 

1040 AS ------
lC140 2 'i. l AS 

I '140 . 2 r;. 2 AS 

1040 AS 

1040 26 0( 

l04L 27 AS 

104N 28 oc 

l ll4N 29 oc 

"10 oc 

!04N 30.l AS 

104N "10. 2 AS 

104"1 AS 

1040 31 AS 

1040 ·n .1 AS 

1040 32 AS 

1040 33 oc 

AB CL AC FP W"I -SH -Ge -L~ -SP -PU ~ONGFR 69 

Ol GC MONGER 69 

CL ~~ -~------ _ b.9 

EP HO AC AB CL EP WATS ON 44 

()Z CL WI-' GABR IELSE 69 

OZ f,AB~--------- ------- - _____ _(, A~!_E_l,~E __ 6_~ 

OZ ~AR &EP &Ml GARR IELS E 69 

AB &fP &AC &CL &"'! GABRIELSE 69 

OZ f.AB &EP &R l GABRJELSE 69 ----·-· - - . - . --·---· --- . 

OZ MU Bl HO GABR!ELSE 69 

OZ &CP &Bl &GA -HO -KY -ST &BUDD!NGTON29 

AB CL FP CZ -AC A I TK!=~ ---~- --- -· 

OZ HO CP CL -F.P -S P -PH AITKEN 59 

HO EP CL Fl! AITKEN 59 

CA &"'U_&_C_L ____________ _____ Al_!KE.~ ___ 2_9 

OZ &MU &Al 

()Z &DU &GA 

OZ &Bl &MU -GA -CP -K_F _____ _ 

fJZ A I HO CP 

CL ~B EP OZ -AC -CA -BJ 

AB CL 

AITKEN 59 

AITKEN 59 

WATSON 44 

Wf>T SON 44 

_ _G.ABRJ EL.S.L..6..9.-·--- .. 



NTS Loe 
T T 

l04B 34 0( 

1048 34. 1 oc 

11140 oc 

104C oc 
l04C 38 oc 
104( 39 0( 

104F 40 ()C 

l f14D 41 AS 

1040 41.l AS 

41. 2 AS 

104F 42 oc 

l04F 42.1 AS 

---104E - oc 
104F 44 AS 

104F 44.1 AS 

104E 45 AS 

104E AS 

104F 46 f..S 

46.1 AS 

- 50 -

Minerals 

SI CP QZ BI HO 

HO DI CP 

CL 

QZ MI PC 

CL 1-'U 

CL MU TR FP CA AB SP 

KY GA 131 PC QZ -ST 

FP MU CL AA QZ -P~ -SP 

EP MU CL AB QZ -CA -SP 

MU EP CA PH CL AB OZ 

AC 

CL EP AB -MU 

-c"l:- oZ--lis-- -

DI PC HO 

DI GA WO QZ 

QZ PC HO Al -ST -GA -MU 

QZ PC HO BI 

PC GA PX 

QZ PC KF Bl -HO 

PC HO Bl 

CA DI 

Author Date 

MACKEVETT 63 

MACKEVETT 63 

OVENSHINE 70PC 

BUDD!NGTON29 

IJDD l NGTON29 

MUFFLER 67 

BREW 70PC 

BREW 70PC 

BREW 70PC 

BREW 70PC 

LATHRAM 65 

LATHRAM 65 

BERG 63 

MACKEVETT 64 

~ACKEVETT 64 

MACK EVETT 64 

LATHRAM 65 

LATHRAM 65 

LONEY 63B 

LONEY 636 

LONEY 63B 

__ I_0_4_F ______ 4_6_._3 __ A_S ____ C_A __ T_A __________ ·--------'='L-'-ONEY ·-- _£}_B __ 

l04F. 47 oc 

104E oc 

104E 48 oc 

l04E 48.l oc 

l 04E 

104L 49 oc 

AB EP CL AC PH CA SP 

CL MU EP CA - AC - QZ AR 

CL CA AB QZ 

CL CA AB F.P MU 

CL EP -AC 

EP QZ CL HO 

LONEY 636 

LONEY 636 

LONEY 63A 

LONEY 63A 

LONEY 63A 

KNOPF 11 



NTS 
-IJ-

l04L 

l IJ4K 

1IJ4L 

104L 

1()4L 

l04L 

l04L 

104L 

l04L 

104L 

104L 

1 IJ4L 

Loe 
-ii-

49.J 

50 

51 

52 

5 ;>. 1 

53 

54 

55 

5 5. l 

57 

oc 
0( 

AS 

AS 

AS 

AS 

AS 

oc 

oc 

AS 

oc 

oc 

- 51 -

Minerals 

CA EP CL 

FP AC CL CA 

DI HO PC 

OZ MU A I PC GA CL SP 

MU OZ '3 I PC GA ST 

PC OZ KY A I SI GA 

AC AB CL EP OZ SP CA 

CA EP AB OZ 

AC 

CL f P AR -MU 

CL 

GA HO PC -QZ 

J04M ____ 6~2~- ----o-'-"c ____ M~I PC __ o_z __ _ 

104M oc HO PC QZ 

oc AB CL 

Author Date 

KNOPF 

FORBES 

FORBES 

FORBES 

FORBES 

FORBES 

FORBES 

11 

59 

59 

59 

59 

59 

59 

l:JREW-FORD 70PC 

LATHRAM 65 

LATHRAM 65 

LONEY 70PC 

BREW 70PC 

BREW 70PC 

___ _cB_!<_R_ KfR ___ 5 _2 __ _ 

ROBERTSON 55 

POOLE 56 

__ 1_o_s_B _____ 2 ___ o_c ____ A_B __ E __ P __ c_z_ CL WM oz_-~B~! ____ _ POOLE __ --'-5~6 __ 

10 5A 3 

105B 3. 1 

10 SA 3.2 

4 

5 

105C 5.1 

105C 5.2 

lO~C 5."l 

AS 

oc 

AS 

oc 

cc 
AS 

AS 

AS 

AB &EP &AC &Bl &CL POOLE 56 

OZ &AB &EP &MI POOLE 56 

AB &OZ &EP &CL &Bl &SH POOLE __ ~--

POOLE 56 

HO AC CL AS ZO Cl MULLIGAN 63 

AB F,f P &AM MULLIGAN 63 

AB &CL &RI &EP -OZ -WM MULLIGAN 63 

OZ &CP &BI &EP &GA -SH MULLIGAN 63 

_ _:;_1~0~5~C ____ ~6~ __ _;_A~S=--___ O.::-.=_Z___:::_&~H~O_-~A~B:__-~K~F_-~B~l=----C~L=--_-~E~P_-~c~z_-~G~A'--- MULLJGAN____Q_.2__ ___ _ 

lfl5D 6 AS OZ CP KF Bl WM -HO -GA -SH WHEELER 61 

1050 6.i AS HO EP CP SH WHEELER 61 

__ 1~0~5~C ____ ~7 __ ___o0~C"----~o~z=--~W~M _________________ -"l.L,_,__._LGAH__~6~3,__ __ 



NTS 
T 

105D 

105D 

1051) 

105C 

- - lOSD 

105E 

105E 

105E 

105L 

105L 

l05L 

105L 

105L 

10 5L 

1'15L 

105L 

105L 

lO"iL 

105L 

105L 

105M 

l 14 I 

l l 4 I 

11 4 I 

l 14 I 

115A 

l l 'iA 

Loe -u-
7 

7. 1 

1.2 

8 

8 

9 

9,1 

J 0 

11 

l l. 1 

--1-1-. ? 

12 

12.l 

12.2 

l "I 

14 

l 5. l 

16 

18 

19 

21 

58 

58.l 

59 

60 

J • l 

oc 

oc 

oc 

oc 

oc 

oc 

oc 

oc 
AS 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

oc 

QC 

oc 

oc 

oc 

oc 

oc 

oc 
0( 

- 52 -

Minerals 

CL CA AC EP AB WM 

CL CA CZ -HO -PH -EP 

CZ CA ZO -HO 

CL CA AC PH 
-

AA CL AC EP ZO CZ MU Al OZ 

CL EP WM OZ 

HO CL EP 

•w 

OZ CP Bl KF MU -GA -AN -ST 

HO &CP -DI 

OZ f,CL &WM 

OZ &CL &WM -BI -HO -EP -GA 

OZ &AB &HO &Bl EP CL WM -CA 

AB &EP &CL- -OZ -HO -BI 

OZ &CP &WM &CL &Bl -GA 

HO &CP &Bl &EP &OZ &CL -CA -GA 

- -oz&w-M&cL - -

AB &CL &EP -HO -OZ 

AA EP CL -HO -OZ -CA -WM 

EP CA AC 

AB WM CA CL -BI -AM 

AA CL WM CM 

Author Date 

WHEELER 

WHEELER 

WHEE! FR 

MONGER 

WHEELER 

BOSTOCK 

BOSTOCK 

BOSTOCK 

61 

61 

61 

69 

61 * 
38 

38 

38 

CAMPBEi I 6 7B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B* 

CAMPBELL 67B 

CAMPBELL 67B 

CAMPBELL 67B 
---------------· ---------

CL BOSTOCK 47 QZ 

OZ MI CL BOSTOCK 47 

ST AN -GA ROSSMAN 63 

HO PC 
-----------·- ·-·----.. -------

ROSSMAN 63 

ST GA BI PC OZ BREW 7DPC 

CA CL MERTIE 31 

OZ Ml -GA KINDLE 53 

OZ RI -CP KINDLE 53 



NTS 
T 

l l 'i A 

l l 5R 

11 'iB 

l l'iR 

llSC 

l J 5F 

l 1 ~ F 

Loe 
T 

l • 2 

? 

2 . 2 

4 

5 

oc 
oc 

AS 

oc 

oc 

AS 

- 53 -

Minera ls Author Date 

OZ WM AN K!NDLF 53 

RI GA SHARP S6 

S6 

OZ &CP &HO &ZO &CX &'1U &SHARP 56 

BI GA AN SHARP 

PL AF K,__,E"--'R_,____S"--'--7 _ HO ---- -------

OZ MU CL '1 ULL ER 67 

AB OZ CA AC EP ZO MULLER 67 

_l:__J;___'iF ____ ---'-5--'-.-"l __ o_c~. ___ riz AB WIV' CL CA IOP ___________ "IULLEf1 __ 6l____ 

1 1 'iF 6 oc A'l CL EP CA '1ULLER 67 

1 J 'iF 6 . l or CL EP 4R AC CA OZ MU LLE R 67 

_ _:_1 _cl _'i_:_F _____ _;7 __ ___co'-c'---- A p F p c L "'~--'-~-_f'_-'-'H __ _ -- _lfilLL£B __ _t,_l_ __ 

l l 5 F A AS OZ CP RI CL GA MULL FR 67 

l J ~F 9 AS CP OZ Bl HO -GA MULL FR 67 

1 l 5F 10 AS riz CP WM RI ST - (,A ____ _ ____ _ ___ _ 

J 1 SF 1 l AS oz IJJ .\1 CL MULL FR 67 

1 15 F l 2 AS OZ AB "IU CL -Bl MU LL ER 67 

l 1 SF l?. l AS HO _!=~~-~ - GA --------- ------ ___:"l_!J!-_L__f_~ 67 

1 1 ~I 11 oc OZ FS HO RI ROS TOCK 36 

1 1 51 1 3. 1 oc BI OZ FS BOSTOCK 36 

1 1 'i I 14 0( WM CL 

1 J 5 l 1 s oc OZ FS BJ HO -KF BOS TOCK 36 

l 1 5K 16 AS OZ &Al &WM &CL CA - GA COCK FI ELD 21 

1 l 'iK 16. l AS 

11 SK 17 AS HO CP PX Pl ZO ~p SH CA COCK FI ELD 21 

115K 18 oc OZl KFl CPl Bll MUl -HOl- EP l W\12 CL2COCKF!ELD 21 

__ 1_1_5_K ____ l_9 ____ o _ _:_c ___ o_z_ BI WM -s I _ __ CA.l fl.J:lL~ __ _u___ 

115P 20 oc HO MI OZ FS BOSTOCK 48 

l l 'iP 21 oc OZ MI BOSTOCK 48 

-------------------------------- ----------------
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APPENDIX II 

SELECTED MINERAL OCCURRENCES 

SILLIMANITE (SI) OCCURRENCES 

NTS Loe Minerals Author Date 

# # 

8ZD 1. 4 AS QZ +KF +CP -BI -MU -SI -CO Parker 64 
SZD 1. 5 AS KF +BI +SI Parker 64 
SZE 9 AS QZ +KF +CP - SI +BI +GA Pre to 67 
SZE 9. 1 AS QZ +CP +BI +GA -CO -SI -OP -KF Pre to 67 
SZF 10 oc GA +SI KF Reesor 65 ':' 
BZF 11. 1 AS BI +CP +QZ -SI -GA -KF Reesor 65 ':' 
SZF 11. z AS SI +GA +QZ +Bl - KF Reesor 65':' 
SZF 11. 3 AS QZ +CP +BI -GA -SI -KF Reesor 65':' 
SZF 16 AS QZ +CP +MU +Bil+CPl+SI 

+ABZ+BIZ+CLZ Crosby 6S 
SZF 16. 1 AS QZ +MU -CP -BI +KYl-SI -CLZ Crosby 6S 
SZF 16. z AS QZ +CP +MU +BI +CL - GA -KY 

- SI - CO Crosby 6S 
SZF Zl oc QZ MU BI-GA-KY-SI Fyles 67 
SZK ZS AS QZ +CP +BI +MU +SI Hyndman 6S 
SZK ZS. l AS QZ +CP +BI +SI +GA -MU -STl Hyndman 6S 
SZK 30 AS QZ +CP +BI +KF +GA +SI - SH Hyndman 6S 
SZK 30. J AS QZ +B I +K F +CP +MU +SI Hyndman 6S 
SZL 44 oc SI Fyson 70 
SZL 46 oc GA +SI +KF Reesor 70 ':' 
SZL 49 oc SI GA BI Jones 59 
8ZL 69 AS QZ +CP +KF +GA +SI Froese 70 
8ZM 54 oc QZ CP KF BI SI KY Whe e le r 64 
8ZM 56 AS SI KF CP QZ McMillan 70 
8ZM 57 AS SI KF MU KY McMillan 70 
8ZM 58 AS SI KF MU McMillan 70 
8ZM 61 oc QZ CP KF BI SI GA Wheel e r 64 
8ZM 63 oc QZ CP KF Bl GA SI Wheele r 64 
83D 4 oc SI Campbell 67a 
83D 5 oc SI Campbell 67a 
92H 13 AS QZ +CP +CL +BI +GA +SI - KY 

+WM -ST Reamsbott 69pc 
92H 13. 7 AS QZ +CP +Bl +GA +WM +SI - CL Reamsbott 69pc 
92H 18 oc ST KY SI Lowes 69pc 
9ZH 19 oc SI Lowes 69pc 
92H Zl oc GA BI SI Ma Taggart +6 7 
92H zz oc BI GA SI -MU Roddick +69 
92H Z4 AS CP +QZ +GA +BI -SI -CL Hutchison 69pc 
92I 34. l oc AN1KYZS13 Hollister 69':' 
92M 45 oc SI BI GA Roddick 68 
92N 48 oc GA BI SI Roddick 68 
92P 53 oc BI CP GA SI Campbell 69 
92B 6Z.Z oc QZ BI GA ST SI AN Clapp 17 
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SILLIMANITE (SI) OCCURRENCES 

NTS Loe Minerals Author Date 

# # 

93A 3 oc SI CampbC'll 70 
93A 6 oc SI Campbell 70 
93D 15 oc SI GA BI BaC'r 68 
93A 47 AS QZ +CP +BI +WM +GA -!KY - SI 

- ST - CL Fldcher 69pc 
93A 48 AS QZ +CP +BI +WM +GA +ST +SI 

-CL Fletcher 69pc 
94C AS QZ +BI +MU +CP -GA -KY -ST 

- SI Roots 54 
94C 3 AS QZ +BI +MU+GA-KY-SI Roots 54 
94C 4 AS QZ +BI +MU +GA - KY - SI Roots 54 
94C 9 AS QZ AB KF BI MU -SI Roots 54 

103A l oc SI GA BI Baer 68 
l03H 6 oc SI ST GA AN Roddick ip 
l 03H 9 oc SI Roddick ip 
l 03I 13 AS CP +QZ +SI -tKF-GA-MU llutchison ip 
l 03I 14 AS CP +QZ +MU +SI -KF -GA Hutchison ip 
l 03I 16. l AS QZ +CP +BI +GA - SI - MU - KF Hutchison pc 
l 03I 17. l AS QZ +CP +SI +BI - GA - MU -1\:F Hutchison ip 
I 03I I 7. 2 AS QZ +CP +SI +BI +MU - GA +co Hutchison ip 
103J 24 AS CP +QZ +BI +GA - KF - SI Hutchison pc 
I 03 J 24.2 oc Sl BI MU ST co Hutchison pc 
I 03 J 25 oc oz SI MU co KF Hutchison pc 
I 03J 26 oc SI MU KF Hutchison pc 
I 03J 27 oc SI KF Hutchison pc 
I 03K 29 oc SI QZ Buddington 29 
I 03K 30 oc SI GA Buddington 29 
1030 32 AS SI BI CP QZ GA Smith 70pc 
I 04C 2 oc SI Buddington 29 
I 04C 5 oc SI Buddington 29 
I04B 34 oc SI CP QZ BI HO MacKevctt 
104L 52 . 3 AS PC QZ KY BI SI GA ForbC's 59 
l l 5K 19 oc QZ BI WM -SI Cairncs 15 

KY ANITE (KY) OCCURRENCES 

NTS Loe Minerals Author Date 

# # 

82F 16. I AS QZ +MU -CP -BI +KY I-SI -CL2 Crosby 68 
82F 16.2 AS QZ +CP +MU +BI +CL - GA -KY 

- SI - CO Crosby 68 
82F 1 7 AS QZ +AB -MU +BI +GA +KY Crosby 68°:' 
82F 21 oc QZ MU BI -GA -KY -SI Fyles 67 
82K 28.6 AS QZ +KF +CP +BI +MU +HO +AN 

+KY +ST +co Hyndman 68 
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KYANITE (KY) OCCURRENCES (Can't) 

NTS Loe Minerals Author Date 
# II 

82L 50 oc KY Jones 59 
82L 51 oc KY Jones 59 
82L 52 oc KY Jones 59 
82L 53 oc KY ST Jones 59 
82M 54 oc QZ CP KF BI SI KY Wheeler 64 
82M 57 AS SI KF MU KY McMillan 70 
82M 60 oc QZ CP KF BI KY GA Wheeler 64 
82N 64 oc QZ BI MU GA KY Wh ee ler 62 
82N 65 oc QZ BI MU GA ST AN KY Whe eler 62 
83D 2 oc KY ST Campbell 67a 
83D 3 oc KY ST Campbell 67a 
92A 2.3 oc GA ST BI CP-KY Misch 66 
92A 2.4 0 BI HO cu GA CP QZ -MU 

-AC -ST -KY Misch 66 
92H 13 AS QZ +CP +CL +BI +GA +SI - KY 

+WM -ST Reamsbott +69pc 
92H 18 oc ST KY SI Lowes 69pc 
92H 20 oc AN l STZ GAZ MUZ KYZ Read 60 
92H 23 oc BI GA ST KY Roddick +69 
92H 25 AS CP +QZ +GA +ST +KY +BI - CL 

-SH Hutchison 69pc 
92H 26 AS BI +GA +ST +QZ +CP -KY -MU Santer 69~' 

92H 31. 3 AS CP +QZ +BI +GA +ST +KY McTaggart 67 
921 34 oc AN KY ST GA CP QZ Hollister 66 
921 34. l oc ANI KY2 SI3 Hollister 69'' 
92N 47 oc KY Mathews 57 
92B 64 oc KY Clapp 14 

93A 2 oc KY ST GA Campbell 70 
93A 7 oc KY ST Campbell 70 
93A 8 oc KY ST Campbell 70 
93A 10 AS QZ +KY +MU -BI Campbell 69 
93A 11 AS QZ +ST +MU +CP - Bl - KY Campbell 69 
93A 43 AS QZ +CP +BI +WM +GA +KY -ST Fletcher 69pc 
93A 47 AS QZ +CP +BI +WM +GA +KY -SI 

-ST - CL Fletcher 69pc 
94C AS QZ +BI +MU +CP -GA -KY -ST 

- SI Roots 54 
94C 3 AS QZ +BI +MU +GA-KY -SI Roots 54 
94C 4 AS QZ +BI +MU +GA -KY -SI Roots 54 

103H 7 oc KY Roddick ip 
103H 8 AS KY +ST +CP +GA +BI Hutchison 69pc 
l 031 15 AS CP+QZ +KF+KY +GA-CL Hutchison ip 
103J 22 AS QZ +CP +BI +MU -GA -KY -KF Hutchison ip 
1030 3 1 AS KY GA BI CP QZ Smith 70pc 
1030 33 oc KY Buddington 29 
104C 3 oc ST KY Buddington 29 
104C 4 oc ST KY Buddington 29 
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KY ANITE (KY) OCCURRENCES (Can't) 

NTS Loe Minerals Author Date 
# -#-

104C 6 oc ST KY MU Buddington Z9 
104C s AS CP +GA +Bil+MU l+BIZ+KYZ+STZ Buddington Z9 
104F 10 oc KY Buddington Z9 
104L Z7 AS QZ +CP +BI +GA -HO - KY -ST Buddington Z9 
104C 35 oc KY BI GA QZ Gault +53 
104F 40 oc KY GA BI PC QZ -ST Brew 70pc 
104L 5Z.Z AS BI QZ MU PC KY GA ST Forbes 59 
104L 5Z.3 AS PC QZ KY BI SI GA Forbes 59 

STAUROLITE (ST) OCCURRENCES 

NTS Loe Minerals Author Date 
# # 

SZE 7 oc ST Preto 67 
SZE 9.Z AS QZ +BI +CP +GA - ST - MU Pre to 67 
SZF lS AS QZ +CP +MU +BI +CL +GA +ST Crosby 6S 
SZF zz oc QZ MU BI CP-GA-ST Fyles 67 
SZF Z4 oc QZ MU CL -CP -GAi-ST! 

-WMZ- CLZ Fyles 67 
SZK ZS. 1 AS QZ tCP +BI +SI +GA - MU - ST 1 Hyndman 6S 
SZK ZS.6 AS QZ +KF +CP +BI +MU +HO +AN 

+KY +ST +CD Hyndman 6S 
SZK Z9.4 AS QZ +MU +BI +ST - CP - GA - CD Hyndman 6S 
SZK 3 6. 1 oc GA CP BI MU EP CZ -CD 

-ST -AN Read 66 
SZK 39 oc GA ST BI Fyles 64 
SZL 45 oc GA ST Fyson 70 
SZL 53 oc KY ST Jones 59 
SZN 65 oc QZ BI MU GA ST AN KY Wheeler 6Z 
S3D z oc KY ST Campbell 67a 
S3D 3 oc KY ST Campbell 67a 
92A Z.3 oc GA ST BI CP-KY Misch 66 
92A Z.4 0 BI HO cu GA CP QZ -MU 

-AC -ST -KY Misch 66 
92H 13 AS QZ +CP +CL +BI +GA +SI -KY 

+WM -ST Reamsbott +69pc 
92H 13.9 AS QZ +CP +BI +GA +ST - WM - CL Reamsbott +69pc 
92H lS oc ST KY SI Lowes 69pc 
9ZH zo oc AN 1 STZ GAZ MUZ KYZ Read 60 
9ZH zz. l oc BI ST Roddick +69 
92H 23 oc BI GA ST KY Roddick +69 
92H 25 AS CP +QZ +GA +ST +KY +BI -CL 

-SH Hutchison 69pc 
92H 26 AS BI +GA +ST +QZ +CP - KY - MU Santer 69* 
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STAUROLITE (ST) OCCURRENCES (Can't) 

NTS Loe Minerals Author Date 
# # 

92H 31. 3 AS CP +QZ +BI +GA +ST +KY Mc Taggart 67 
921 34 oc AN KY ST GA CP QZ Hollister 66 
92B 62.2 oc QZ BI GA ST SI AN Clapp 17 
93A 2 oc KY ST GA Campbell 70 
93A 7 oc KY ST Campbell 70 
93A 8 oc KY ST Campbell 70 
93A 1 l AS QZ +ST +MU +CP - Bl - KY Campbe ll 69 
93A 43 AS QZ +CP +Bl +WM +GA +KY -ST Fl e tcher 69pc 
93A 45 AS QZ +CP +Bl +WM +GA - CL - ST Fletcher 69pc 
93A 47 AS QZ +CP +BI +WM +GA +KY -SI 

-ST - CL Fletcher 69pc 
93A 48 AS QZ +CP +BI +WM +GA +ST +SI 

-CL Fletcher 69pc 
94C AS QZ +Bl +MU +CP -GA -KY -ST 

-SI Roots 54 
103H 6 oc SI ST GA AN Roddick ip 
103H 8 AS KY +ST +CP +GA +Bl Hutchison 69pc 
l 03J 21 AS QZ +CP +MU +Bl +GA - CL -ST 

-CD Hutchison ip 
l 03J 24.2 oc SI Bl MU ST co Hutchison pc 
1030 34 oc ST Buddington 29 
104C l oc ST Buddington 29 
104C 3 oc ST KY Buddington 29 
104C 4 oc ST KY Buddington 29 
104C 6 oc ST KY MU Buddington 29 
104C 8 AS CP +GA +Bll+MUl+BI2+KY2 

+ST2 Buddington 29 
104L 27 AS QZ +CP +Bl +GA -HO -KY -ST Buddington 29 
104F 40 oc KY GA Bl PC QZ -ST Brew 70pc 
104F 44.2 oc QZ PC HO Bl -ST -GA -MU MacKevett 64 
104L 52. 1 AS MU QZ Bl PC GA ST Forbes 59 
104L 52.2 AS Bl QZ MU PC KY GA ST Forbes 59 
105L 11 AS QZ CP Bl KF MU-GA 

-AN -ST Campbell 67b 
1141 58 oc -ST AN -GA Rossman 63 
1141 59 oc ST GA Bl PC QZ Brew 70pc 
l l 5F 10 AS QZ CP WM Bl ST -GA Muller 67 

ANDALUSITE (AN) OCCURRENCES 

NTS Loe Minerals Author Date 

# # 

82F 20 oc QZ AN GA Bl Rice 56 
82K 25.5 AS AN2+QZ +CP +WM +AC +CA +EP Hyndman 68 
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ANDALUSITE (AN) OCCURRENCES (Con't) 

NTS Loe Minerals Author Date 
II # 

SZK ZS.6 AS QZ +KF +CP +DI +MU +HO +AN 
+KY -tST +CD llyndman 6S 

SZK 36 . I oc GA CP BI MU EP CZ -CD 
-ST -AN Read 66 

8ZN 65 oc QZ BI MU GA ST AN KY Wheclf'r 6Z 
9211 zo oc AN! STZ GAZ MUZ l<:YZ Read 60 
92I 34 oc AN KY ST GA CP QZ 1-Iollister 66 
9ZI 34. I oc AN! KYZ Sl3 llollister 69 ': 
92L 40 oc AN Bancroft 13 
9213 6Z. z oc QZ Bl GA ST SI AN Clapp 17 

I 031-1 6 oc SI ST GA AN Roddick ip 
l 03I 13. 1 AS AN +HO - Bl -OZ Hutchison ip 
105L l 1 AS QZ CP Bl KF MU-GA-AN 

-ST CampbC'll 67b 
l l 4I 5S oc -ST AN -GA Rossn1an 63 
l l 5A 1. z oc QZ WM AN Kindle 53 
l l 5B Z.3 oc l3I GA AN Sharp 56 

CORDIERITE (CO) OCCURRENCES 

NTS Loe Minerals Author Date 
- #- # 

SZD 1. z AS CL +WM +AC +I-IO +co +GA Parker 64 
SZD I. 4 AS QZ +KF +CP -BI -MU -SI -CO Parker 64 
SZE 6 oc co Prcto 67 
SZE 9. I AS QZ +CP +BI +GA - CO -SI -OP 

-KF Pre to 67 
SZF 16.Z AS QZ +CP +MU +BI +CL - GA -KY 

- SI - CO Crosby 6S 
I 03I 17.Z AS QZ +CP +SI +BI +MU - GA +co Hutchison ip 
103I 17.3 AS QZ +CP +cu +co +GA +BI Hutchison ip 
I 03J Z4.Z oc SI BI MU ST co Hutchison pc 
I 03J Z5 oc QZ SI MU co KF Hutchison pc 

PREHNITE (PH) OCCURRENCES 

NTS Loe Minerals Author Date 
# # 

92H Z7.4 oc HO AB WM ZO -QZ -AB -PH McMillan 66'' 
92H 3Z oc AB AC zo CL CA -PH -PU 

-SP McTaggart 67 
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PREHNITE (PH) OCCURRENCES (Con't) 

NTS Loe Minerals Author Date 
# II 

921 35 oc AB QZ zo WM CL PH PU 
EP Schau 68 

920 52 oc AB EP WM -PH Trettin 61 
92P 58 oc AM CL EP CA AB WM 

- QZ - Pl! Campbell 69 
92P 59 oc CL - CA - PH - QZ -ZE Campbell 69 
92F 61 PU PH -LU Surdan1 66 
93K 28. l AS CL AB EP SH CA PH Patterson 69pc 

103N 38 oc EP CL CA PH Sainsbury 61 
104P 20. l oc AB CL CZ AC - CA -PH Gabrielse 63 
104N 29 oc QZ HO CP CL-EP-SP-PH Aitken 59 
104D 41 AS EP MU CL AB QZ -PH -SP Brew 70pc 
104D 41. 2 AS MU EP CA PH CL AB QZ Brew 70pc 
104E 47 oc AB EP CL AC PH CA SP Loney 63b 
105D 7. l oc CL CA CZ-HO-PH-EP Wheeler 61 
105C 8 oc CL CA AC PH Monger 69 
l l 5F 7 oc AB EP CL WM CA PH Muller 67 

PUMPELLYlTE (PU) OCCURRENCES 

NTS Loe Minerals Author Date 
# # 

92H 28 oc AB EP CL - PU - L W - CA Monger 66 
92H 32 oc AB AC zo CL CA -PII -PU 

-SP McTaggart 67 
921 35 oc AB QZ zo WM CL PH PU 

EP Schau 68 
921 3 5. l oc AB QZ zo EP WM CL AC 

CA-PU Schau 68 '~ 

92F 61 PU PH -LU Surdam 66 
93K 27.2 AS CC +LW +PX +SH -CL -CA-PU 

-SP Paterson 69pc 
104J 21 oc AB CL AC EP WM-SH-GC 

-LW -SP -PU Monger 69 

LAWSONITE (LW) OCCURRENCES 

NTS Loe Minerals Author Date 
If If 

92H 28 oc AB EP CL - PU - L W - CA Monger 66 
93K 27 AS GC +LW +QZ -CL-WM -CA Paterson 69pc 
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LAWSONITE (LW) OCCURRENCES (Con't) 

NTS Loe Minerals Author DatC' 
# # 

93K 27. l AS JP +LW +OZ +CL -CC Paterson 69pe 
93K 27.2 AS CC +LW +PX +SH -CL -CA 

-PU-SP PatC'rson 69 p e 
93K 27.3 AS CC +LW +CZ +CA PatC'rsun 69 pe 

l 04J 21 oc AB CL AC EP WM -SH -CC 
- LW -SP - PU Monger 69 

CLAUCOPHANE(CC)OCCURRENCES 

NTS Loe Minerals Author Date 
# -#-

93K 27 AS CC +LW +QZ -CL-WM -CA Paterson 69pe 
93K 2 7. 1 AS JP +LW +oz +CL - cc Paterson 69pe 
93K 27. 2 AS CC +LW +PX +SH - CL - CA - PU 

-SP PalC'rson 69p 
93K 27.3 AS CC +LW +CZ +CA PatC'rson 69pe 

104J 21 oc AB CL AC EP WM -Sll -CC 
-LW -SP -PU Monger 69 

104J 21. 1 AS OZ cc Monger 69 
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