
-47 

GEOLOGICAL 

SURVEY 
OF 

CANADA 

DEPARTMENT OF ENERGY, 

MINES AND RESOURCES 

PAPER 69-47 

HOPE MAP-AREA, WEST HALF 

BRITISH COLUMBIA 

(Report, 4 figures and P.S. Map 12-1969) 

... 
J.W.H. Monger 

_.,._ .. - ......... :· .. . 

Price, $2.00 1970 

will
Scanning stamp



CANADA 

GEOLOGICAL SURVE Y 

OF CANADA 

PAPER 69-47 

HOPE MAP-AREA, WEST HALF (92 H W 1/2), 

BRITISH COLUMBIA 

J.W.H. Monger 

DEPARTMENT OF ENERGY, MINES AND RESOURCES 



©Crown Copyrights reserved 
Available by mail f r om the Queen's Printer, Ottawa 

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

and 

Canadian Government bookshops in 
HALIFAX - 1735 Barrington Street 
MONTREAL - 1182 St. Cather ine Street West 
OTTAWA - Corner Mackenzie and Rideau 
TORONTO - 221 Yonge Street 
WINNIPEG - 499 Portage Ave nue 
VANCOUVER - 657 Granville Street 

or through your bookseller 

Price: $2. 00 Catalogue No. M44-6 9 -47 

Price subject to change without notice 

Queen's Printer for Canada 
Ottawa 

1970 



iii 

CONTENTS 

Abstract ... 
Introduction . 

Physical featu r es 
General geology .. 

Devonian (?) to Permian stratified rocks 
Hozane1een Group 

Lithology. 
Structure and metamorphism 
Age and correlation 

Chilliwack Group 
Lithology . . 
Structure and metamorphism 
Fossils , age and co rrelation 

Upper Triassic stratified rocks 
Nicola G r oup ...... . 

Triassic and Jurassic stratified ro cks .. 
Cultus Formation 

Lithology .. . . 
Structure .. . . . 
Fossils, age and co rrelation . . 

Lower and Middle Jurassic stratified r ocks . 
Ladner Group .. 

Lithology .. 
Structure . . 
Age and correlation 

Middle Jurassic stratified rocks 
Harrison Lake Formation 

Lithology ... . . . . 
Structure . ..... . .. . .. . 
Fossils, age and correlation 

Echo Island Formation .... . . 
Mysterious Cre e k Formation . 
Billhook Creek Formation . ... 

Upper Jurassic st r atified rocks. 
Kent Formation .. ... 
Agassiz Prairie Formation .. . 
Dewdney C r eek G r oup .. ... . . 

In southeast part of map-area 
In northeast part of map-area 

Lower Cretaceous stratified rocks 
Peninsula Formation. 
B r okenback Hill Formation ..... . 
Jackass Mountain Group . ...... . 

In northeast part of map-area 
In southeast part of map-area 

Pasayten Group 
Kingsvale Group ... .... . 

Cretaceous and/ o r ear l y Tertiary stratified rocks . 

P age 

vii 
1 

2 
2 

3 
3 
4 
4 
5 
6 
7 
8 
9 

10 
10 
1 I 

I 1 

I 1 
12 
! 2 
14 
14 
14 
14 
1 5 

16 
! 6 
16 
16 
17 

18 
18 
19 
19 
19 
19 
20 
20 
21 
21 
21 
22 
23 
23 
23 
24 
24 
25 



iv -

Pa ge 

Early Tertiary and (?) latest Cretaceous clastic r o cks .. . . .. ... 25 
Rocks n ear Ho p e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 
Rocks near Ve dder Crossing . . .. . ... . . . . . . .. .. . . . .... . ... . 26 

Miocene and e arli er stratifi e d r ocks . . . . . . . . . . . . . . . . .. . . ... .. . 26 
Skagit Formati on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Coquihalla Group .. .... ... . ... ... .. .... .. ... ... .. .... ... . ... 26 

P l eistocene a n d Recent Depo sits .. ...... . ... .. ..... . . ........... 28 
Rocks of unknown age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Ultramaf i c rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Litholo gy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Structure .... .... .. .. ... . . . .. . . .. . . . .. .... .. . 
Age and correlation ... . ... . .. . . .. .. ........ . . 

30 
3 1 

Metas edi mentary and metavolcani c rocks . . . . . . . . . . . . . . . . . . . . . 3 ! 
Ro cks northwe st of Boston Bar . . . . . . . . . . . . . . . . . . . . 3 ! 
Rocks west a nd northwes t of Mount Urquhart . . . . . . . 32 
Rocks n orthwest of Hope .... . .. . . .. ....... . ... ....... . ... 33 
O lde r (?) metamorphi c rocks .. . . . . .. . . . . ...... . . . . .. . . ... 34 

G n eiss .... .... ...... . . . . .... . ..... .. ........... . . . . . . . . . .. 35 
Gn e is s between the International Boundar y and Stout . . . . . . 35 
Gn e i ss n ear Mount Breakenr i dge . . ..... . . . . .. ... .... . . ..... 36 

G rani t ic r ocks .... . . .. . ..... .. ..... . .. . ....... . .. .... . .... .. .. 37 
Upp e r Jurassic and (?) Lower Cretaceous grani tic r o c k . . . 37 

Lithology ....... . .. ...... ... . . ... ........... . ... . .... . .. 37 
Exte r nal re lationships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Age . . ..... .. . .. ...... .... .. . .... . .. . ... .. . ....... .. .. . . 39 

Late Cretaceous or o lde r granitic rocks . . . . . . . . . . . . . . . . . . . 40 
Litholo gy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
E x ternal relations h ips . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
A ge . ... . ... . . ... .. ... . .. . .. .. . . . .... .. ...... .. ... . . . .. . 40 

C r e tac e ous o r Tertiary g raniti c rocks . . . ... .. . ... .... ....... 4 1 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . ... .. .. . . . . 41 
Exte r nal r e lationships ........ . .... . ....... . ... . .. . ... . ... 4 1 
Ag e . . ........ . .. . .... .... . . . . .. .... . .. .. ...... . . .... . .. 4 1 

Mid -T e rtiary g raniti c r ocks . . ..... . ..... . .. ...... .. .. . . . . . . . 
Lithol ogy . . . . . .. ..... . . . . ... .... . . ...... . .. . .. . ... ..... . 

Age . . . .. .... . . . ... . ............ . · .. · · · · · · · · · · · · · · · · · · · · 
Structur al ge olog y . . . . . . . . . . . . . . . . . . . . . . ... .. .. . ... . 

Pre - Middle Devonian deformation and m e tamorphism ..... .... . 
P ermo -Pennsyl vanian uplift . . . . . . . . . . . . . . . .... .. . .... . 
P e rmo-T ria ss i c hiatus . . . . . . . . . . . . . . . . . . . . . . . . . .... . . 
Jurassic and Cretaceous hiatus e s ..... ... . . . ...... .. ... .. . 
Mid - and L ate Cretaceous oro geny ..... .. . . . . . .. . . . .. . .. . . 

Eastern pluton ic b e lt . . ...... ... ... . .... .... . . . . . .... .. .. . 
Eastern M eso zoic be l t . .... ..... . ... . ... . .. . . . . . ..... . .. . 
Easte rn Pal eo zo ic se dimentary and volcani c b e lt . . . .... . ... . 
Axial belt . .. ... . . ..... . .. . . . ........... .. . . .. . . . . ..... . . 
We stern Pal eozo ic and Meso zo i c s e dimentar y and vol canic 

b e lt 
Early T e rtiary d e formation ... . .. .... ..... . .. . .. .. .. . .. . . . . . 
M i d - Tertiary intrusi on . . . . .. . . ...... . .. . . . . ... . .. ......... . 

42 
42 
43 
43 
44 
44 
44 
46 
4 6 
4 6 
4 8 
49 
49 

50 
5 3 
54 



- V -

Page 

Pliocene - Ple is tocene upwarping 54 
The problem of the age ofhigh-grade metamorphic rocks in 

the map-area 54 
Geological history of Hope map-area 55 

Pre-Middl e Devonian record . 55 
L ate Pa l eozoic record 56 

Mesozo i c record.. . . 56 
Post - Eocene record. 

Economic geol ogy . ... . . . 
Metalliferous deposits . 

Placer deposits .... . 
Lode deposits . .... . 

Gold deposits of S iwash Creek, 'Ladner S l ate Belt' and 
•Coquihalla serpentine belt' ........ . . 

S ilver - lead - z inc deposits of Summit Camp . 
Skagit River area .... 
Pride of Emory property . . ...... . 
I solated, re l atively minor deposits. 

Non - metallic deposits 
Mainly talc, silica, asbestos 
L ime, travertine .. .. . 
Construction materials 

References 
Addendum 

Table 
Tabl e II 
Table Ill 

Fossil s in the Chilliwack Group . 
Fossils in the Cultus Formation 
G r anitic rocks .. ... . .. . 

Tab l e IV Structural belts formed in Cretaceous time 

ILLUSTRATIONS 

Map 12 - 1969, with le gend and cross section . . 

Figure 

Figure 2 

Figure 3 

Figure 4 

Location of major sourc e s 
Hope geological map .. 

Table of Formations .... . 

of data used in compiling 

Strati graphic, plutonic, volcanic and d iastroph ic 
record . . . . . . . . . . . . . . . . . . 

Structures in southwe stern part of Hope map - area 

57 
57 
58 
58 
58 

58 
60 
61 
63 
64 
69 
69 
69 
70 
71 
75 

10 
13 
38 
47 

(in pocket} 

v iii 

. (in pocket} 

(in pocket) 
52 





ABSTRACT 

H ope map - area in southwestern British Columbia cove rs some 3 , ZOO 
square miles, almo s t entirely w ith in the Ca s c ad e and Coast mounta ins. The 
Cascade Mountains, in the southern part, cons ist of a north-northwest trend
ing gneissic and granitic core flanked by belts of sedime ntary and volcanic 
rock. This core widens northwards and merges with the predominantly 
granitic and high - grade metamorphic rocks of the Coast Mountains, which 
occupy the northeast part of the map - area. Differences between the two 
mountain systems seemingly result from greater uplift and deeper erosion of 
the Coast Mountains. 

Stratified rocks range in age from probable pre - Middl e Devonian to 
Recent . The oldest are probable pre-Middle Devonian amphibolites and 
schists that form small fault slices in the weste rn part of th e map-area. 
Upper Paleozoic altered basic volcanic rocks, che r t, pelite, limestone and 
minor sandstone containing Lower Pennsylvanian and Lower Permian fossils 
are widespread in the Cascade Mountains. Above these are Upper Triassic 
andesites, Upper Triassic, Lowe r and Middle Jurassic pelites and fine
grained sandstones, local Middle Jurassic acid to intermediate volcan ics , 
Upper Jurassic and Lower Cretaceous sandstones, pe l ites, a nd con glomer
ates, and local Lower Cretaceous intermediate volcani c rocks. All of these 
rocks are ma rine, with the exception of uppermos t Lower Cretaceous rocks 
in the easternmost part of the map - ar ea. Above thes e, in places, there are 
coarse-grained, contine n tal L ower T e rtiar y clastic rocks and a c id to basic 
vo l canic rock s. Thick Pleistocene t o Recent d e posits l ocally fill major 
valleys . 

G ranitic rocks appear to have been emplaced at thr ee main times; 
the o lde st , Upper Jurassic-Lowe r Cr e taceous fo liated granodiorite

1
outcrop 

in th e eas tern part of the map-area. Upper (? ) Cretaceous, conco rdant, 
partly anatec tic (?) quartz diorite occurs mainly a l ong th e axis of th e 
Cascades. Discordant T e rtiar y g ranodior ite, emplaced mainly in late 
Eoce n e - Oligocen e time , but as recently as Miocene, is the most abundant. 

Orogeny took place in the map - area in mid - Cretaceous to Early 
Tertiary time . Earlier diastrophic events we re metamorphism in pre
Middle Devonian time and uplift recorde d by coarse clasti c rocks in P ermo 
P e nnsylvanian time and hiatus es between Lower Pe r mian and Upper Triassic 
rock s and in Upper Jurassic and Lower Cretaceous rocks. The present 
structural pattern was e stablishe d in mid - Cretaceous to Early Tertiary time . 
In the core of the Cascades gneiss, schist and grani tic rock, perhaps mainly 
formed earlier in th e M e sozo i c, were folded(?) and faulted during m id
Cr e taceous orogeny. S e dimentary and volcani c rocks on the west side of the 
Cascades were folded and thrust to the northwes t and west; those o n the east 
side were f o l ded and r eve rse fault ed, with a sens e of movement from west t o 
e ast. The onl y rocks not affected internally during this deformat ion were 
Uppe r Jurassic g ranitic rocks in th e north west of the map - area that appar
e ntly were mere l y uplifted. Normal and strike-s lip faulting in Early Tertiar y 
time , and uplift in Pliocene -Pleistoce n e time compl eted the structural evol
ution of th e area. 

Numerous mineral deposits are known from the ar ea, a lthough few 
have b een exp l oited with any commercial success . Many are related to 
Cretaceous fault zones. 
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HOPE MAP-AREA, WEST HALF 

BRITISH COLUMBIA 

INTRODUCTION 

This report on the geo lo gy of the Hope area (92H W /2, . bound ed by 
latitudes 49° to 50 °N and longitud es 121 o to 122 oW) is a revision of Map 
737A, published by the Geological Survey in 1944, and incorporates much 
data from recent studie s in the area. C. E. Cai rnes compiled Map 7 3 7 A using 
field mapping by Daly, 1912; Cairnes, 1924; Crickmay, 1930a; Horwood , 
1936; and W .E. Snow . Since 1944 much information has come from detailed 
wo r k done by the Department of Geology, University of British Columbia in 
the southern part of the map - area (e. g . Read, 1960, McMillan, 1966, 
Monger, 1966, McTaggart and Thompson, 1967 and Coates, in press) . 
T. R i chards of the University of British Columbia and B . E. Lowes of the 
University of Wash ington, are currently (1969) doing fie l d theses in the 
southern part of the area. The geology of the northwest part, incomplete on 
the original map, was mapped on a reconnaissance basis in the summer of 
1968 by Roddick and Hutchison (1969). Finally, th e writer, accompanied by 
Rodd i ck and Hutch i son, spent one week in the field in October , 1968, corre 
lating units in the northe rn part of the map - area with those to the south. 

Locat ion of the major sources of data us ed in compiling th is report 
are given in Figure 1. Other sources are refe rr ed to in the text. Unless 
otherwise stated, conclusions reached by the writer are his responsibility 
and are not necessaril y those arrived at by other workers in the area . 

Existing stratigraphic nomenclature has been retained. Even though 
the stratigraphic colurnn probably could be simplified, the writer felt he was 
unable to make any changes in terminol ogy without personally doing field 
work on the units involved . 

Advice and information were given to the writer by Dr. K. C . McTaggart 
of the University of British Columbia and Dr. Peter Misch of the University 
of Washington. The l atter's comprehensive synthesis of the geology of the 
Cascade Mountains imm ed iately south of the map - area (M is eh, 1966) has h ad 
cons id e rabl e influ ence on t hi s map and report . Ackn owl edgment mus t also be 
m ade to T. A. R ichards a nd B. E. Lowe s who gave freely of information from 
thei r thesis projects . 

Original manuscript submitted by author : 9 May, 1969 
July, 1969 Final vers ion appr oved for publi cation: 9 

Project: 680142 
Author's add r e ss: Geol ogical Survey of Can ada, 

6th F l oo r , Sun Buil d ing , 
lOO West P e nder St. , 
Vancouver 3, B. C. 
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PHYSICAL FEATURES 

The Hope map - area lies almost entirely with in the physiographic 
boundaries of the Coast and Cascade mountains. Exceptions are the flood 
plain of the Fraser River near Chilliwack, called the Fraser Lowland, and 
the northeasternmost corne r of the map-area, part of the Interior Plateau 
(Holland, 1964) . 

The physiograph i c boundaries between the Coast and Cascade mount 
ains and the Cascade Mounta ins and Interior Plateau are largel y arbitrary. 
The former boundary is marked by the Fraser River and the latter by a grad
ual decrease in local relief from the Cascade Mountains to the Interior 
P lateau . 

The area is generally rugged with an average local relief of 4, 000 
feet. The highest peak is Silvertip Mountain (e levation 8, 530 feet) and there 
are several peaks with elevations of 7, 000 feet or mo r e . According to 
Holland (1964) th e highest peaks represent monadnocks on an e l evated Tertiary 
ero s ion surface of l ow relief. The minimum elevation, less than 100 feet, is 
in the Fraser Lowland . 

The area has been intensely gla ciated. The highest peaks and ridges 
stood above the level of P l eistocene ice and now bear evidence of alpine 
glaciation. Several peaks are horns, and cirques are common on their n orth 
and n ortheast s ides. A few peaks such as Mount Breakenridge and Silvertip 
Mountain carr y small perman ent ice fields . Lower mountains, be l ow about 
6, 000 feet, la y below the level of the Pleistocene ice s h eet and are rounded . 
Valle ys were gla c iated and are commonly characterized by U - shaped profiles, 
truncated spurs and hanging side valley s. In contrast to these erosive f e at 
ure s , the Fraser L owl and appears to have been l argely a site of glacial and 
gla ciofluvial deposition durin g the erosion prevalent e ls ewh ere. 

Most drainage is structurally contr o lled . T h e Fraser R iver above 
Hope fo llows a major fault zon e . The valley con tain ing Harris on Lake i s 
pa rtl y excavated along th e trac e of a major fault zon e. Drainage of th e 
Chilliwack River and its tributari es in places has a re ticulate pattern that 
parallels the trend of two s e ts of fo ld s at right a n gl es to one another. 

G E N E RAL G EOLO GY 

H ope map- area con tains t h e junction between th e Coast and Cascade 
mountain system s. Th e geo logy of th e southern h alf of the map - area is 
typ ical of th e Cascade S ystem, with an axia l core of gne iss and g raniti c rock 
flank e d on east and west by belts of fo l de d and faulted but little metamor
phosed sedimentary and volc ani c rocks of l ate Paleozoic to m id - Cretaceous 
age . North wa rds the axial co r e broadens and the Cascade System merges 
w ith the pr edominantly g r a nitic and high - grade metamo rphic Coas t Mountains. 

The basic stru ctural pattern result s la rgely from inten se deforma 
tion in m id - Cretaceous t o Early T ertiary time, when five north - northwest 
trending belts, distinguished by th ei r structure and litholo gy , we r e fo r med . 
From east to west these belts are : -

l. E aste rn plutonic belt, composed largely of Upp e r Jurassic - Lower 
Cretaceous foliated granod iorite, with m inor Upper Triassic, Cretaceous 
and T ertiary volcanic rocks. This belt differs from the other s in that th e 
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rocks composing it were apparently little deformed internally in mid

Cretaceous time but were m e rely uplifted. In addition, and perhaps in part 
reflecting this lack of Cretaceous deformation, the granitic rocks in this belt 
are older than any known from elsewhere in the map - area. 

2. Easte rn Mesozoic belt, composed of unmetamorphosed Jurassic and 

L owe r Cretaceous sandstone, pelite and conglomerate and discordant mid
Tertiary gr anodiorite. This belt is separated from the one above by the 
Cretaceous Pasayten fault and is highly deformed inte rnally , with major folds 
overturned to the east and west-dipping reverse and thrust faults . 

3 . Eastern Faleozoic belt, composed of upper Paleozoic chert, pelite, 
basic volcanic rock and limestone. These rocks have undergon e low - grade 
(lowest ~reenschist facies) metamorphisrn, are complexly folded and faulted and 

locally intruded by Cretaceous quartz diorite and granodiorite. They are 
separated from the belt to the east by the early Upper Cretaceous Hozameen 

Fault . 
4. Axial belt, composed of gneiss of uncertain age, Cretaceous (?) 

schist, and partly concordant Cretaceous quartz diorite , overlain unconform
ably by Lower Tertiary clastic rock and intruded by discordant mid-Tertiary 

granodiorite. Most of these rocks are complexly folded and cut by prominent 
north -s outh-t rendin g Early Tertiary faults . They are separated from the 
upper Paleozoic r ocks to the east by a narrow zone along which movement and 

intrusion of small granodiorite bodies has taken place. 
5 . Weste rn belt, largely composed of Pennsylvanian and Permian 

pelitel, sandstone, limestone and volcanic rock, Upper Triassic, Jurassic 
and Lowe r Cretaceous pelite, sandstone and minor conglon"lerate and Jurassic 
vo l canic rocks. Thes e rocks were folded, thrust and refolded in mid

C r etaceous to Early Tert iary time and metamorphosed to low g r ee nschist 
facies . They we r e locally intruded by probable Cretaceous a nd mid-Tertiary 
granitic rocks . Their eastern contact is either a reverse fault or an intru
sive contact with mid-Te r tiary granitic rocks in the ax i al belt. 

Although rock - units of similar age in different belts are of roughly 
the same l ithology, th e successions differ in detail and different st rati g raphic 
names are g iven to them . The names of the un its, their composition, thick 
ness and age are given in Figure 2. In addition, the stratigraphic, plutonic, 
volcani c and diastrophic r ecords are summarized in Figure 3. 

DEVONIAN (?) TO PERMIAN STRATIFIED ROCKS 

Hozameen Group 

The Hozameen Group (unit l) comprises greenstone, ch e rt, pelite · 
and m inor limes t on e. It is th e most extensive stratified unit in th e map
area. The name originates from Mount Hozameen, wh i ch is about one mile 
south of the southeastern corne r of the map -ar ea (Daly, 1912). 

The term 'pelite' as used throughout this report is a gen e r a l t e rm r efer rin g 
to fine - g rained clastic rocks, originally compo s ed of clay - sized particles , 
that may be e ither shale, argillite, s l ate or phyllite. 
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Four stratigraphic di v isions make up the Hozameen Group over most 
of its outcrop ar e a (Daly, 1912, Cairn es, 1924, McTaggart and Thompson, 
1967). The lowest division ( la) has an apparent thickness of about 5, 000 fee t 
and consists mainly of ribbon c h e rt, local lim e stone bodies up to I, 200 fee t 
thick (le) and several hundr e d feet of g reenstone. Overlying this is a division 
(l b), composed mainly of g reens tone but w ith l ocal ch e rt and lim es t o n e 
l e ns e s. This division is more than 4, 000 feet thi ck in the southeastern 

corner o f the map-area and thins to about 2, 500 feet 12 miles n o rth of the 
Inte rnational Boundar y . Th e third di vision (le) compr is es ribbon che rt a nd 

pelite with an appar e nt thickness of 10, 000 fee t at t h e International Boundary 
and 6 , 000 f ee t 12 miles to the north. The uppe r most d ivision ( Id ) is mo r e 
than 7, 000 feet thi ck and consist s of greenstone , che rt , pelit e and l ime sto n e 
pods (le). 

Lithology 

Chert is probably the most abundant sedimentary r ock in the g roup. 
It varies in col our from dark g r ey to w hite, and i s mainly in I/2 - to 3 -inch 
thick beds separate d by pelitic l ayers , but l ocall y is mo r e massive. Rare 
spheroidal bodies of radiating quartz c rystals in the che r t may be r ecrystall
ized radio lar ia . 

Pelite is commonly dark g r ey and associated w ith che rt . In addition 
to forming partings between c h ert laye rs, it occurs in b ed s up to several 
hundr e d feet thick. 

Alter e d basalt, composed of andesitic basalt and spilit e and comm
only known as greenstone, is a major part of th e Hozameen Gro~p and in the 
western part of the outcrop ar e a is intimately associated with serpentinite 

(unit Aa). It is dark g r een or gree nish grey, massive, aphanitic , closely 
fractured and in places contains pillows . Inter g ranular, trachytic, sub
ophitic, porphyritic a nd spherulitic textur e s are pr e sent. In little-altered 
ro cks , plagioclase feldspar (albite to oli goclase) compr is e s 6 0 to 90 per cent 
of th e rock and is associated with clinopyroxene (augi t e) . In the alte r ed 
rocks, th e original nature of many f e ldspars can onl y be dete rmined from 
g rain shapes and textural r e lati onships and any remaining feldspar is inva 
riably albite. Typical alt e ration pr oducts are uralitic hornblend e and actino

lite, ep idote , chlorite, calc it e and saussur ite. Alteration products found 
l ocally are prehnite, pyrite and pyrrhotite, and rarely pumpellyite and 
s tilpnomelane. 

Limestone (le) is rare. It is typically interbe dded w ith gree nstone, 
and forms isolated, commonly l e nticular, b e ds up to I 00 fee t thick. E xceptions 

are lim e stone in th e lowest division ( la ) that l ocally is up to l, 200 feet thick, 
and a limes tone bed in th e upper division (Id) that can be traced for 6 mi l es. 

Most limestone is fine g rained but is recrystallized and th e only primary 
structures known are rar e oolites. 

Structur e and metamorphism 

Thes e rocks are deforme d into folds with axes plunging gently to th e 
northwe st and southeast . The folds become tighter from southeast to north
west, with broad open and upri ght major folds in the southern part of the 
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outcrop area and tight and isoclinal folds farther north . Recumbent folds 
overturned to the northeast are deve loped in a few places, and a few 
northeast -trending small folds are known. The d e formational style appears 
to be large ly a function of lithology, as cherts are d e formed into open wavy 
folds and complex crumples, or are locally br e cciated, whereas greenstones 
are closely jointed, faulted and shea r e d. 

The Hozameen Group is affected by general, low grade regional 
metamorphism, local higher grade metamorphism near the contact with the 
Custer Gneiss, and contact m e tamorphism near granitic intrusions. The 
regionally metamorphosed rocks contain ge n e rally fine- grained actinolite, 
epidote, chlorite, local prehnite and rare pumpellyite and stilpnom e lane. 
They have undergone little t e xtural modification and are conside r e d to belong 
to the lowest part of the greenschist facies . The m e tamorphic grade of th e 
Hozameen Group is comparable to that of the upper Paleozoic Chilliwack 
Group (unit 2) but diffe rs slightly from it as the Chilliwack Group contains 
some minerals indicative of hi gh pressure metamorphism. Near the contact 
with the Custer Gneiss th e m e tamorphic g rade r e ach e s the middle part of the 
almandine - amphibo lite facies. Cherts ar e metamorphosed to quartzite, 
p e lites to garnet-biotite schist lo cally with kyanite, and g re e nstone s t o 
foliated amphibolites with actinolit e alternating with layers of pla~;ioclas e 
(Anz 5 to A1140). Near granitic intrusions, pe litic r ock fo rms biotite, cordi
erite and andalusite hornfels . Calcareous rock forms marble containing 
garn e t, ve suvianite, d iops id e and magnetite or wollastonite -labrado t"ite 
ho r nblende rock, and greenstone forms h ornfels containing h ornble nd e , 
pla gioclas e, ga rnet and b iotit e . Gree ns t ones about 15 miles southeast of 
Hope , consist of biotite, a ctinolite and anthophyllite with mosaics of plagio 
clase granules (An30 to An3 5) pseudomorphous after primary feldspar pheno 
crysts. This metamorphism may b e e ither regional or due to granit e 
intrusion s. 

The Hozameen Group is in fault conta ct with Jurassic ro cks o n th e 
east. On the west it appar e ntly grades over a ve ry narrow zone, along wh ich 
moveme nt has take n place , into th e Custer Gneiss (M c Ta ggart and Thompson, 
1967). It is intrude d by Cretaceous and later plutonic r ock s, and overlain by 
th e Tertiary Skagit F o rmation. 

Age and correlation 

The age of the Hozameen Group is not known, as with the exception 
of possible brachiopods no fo ssils have been obtained from it (McTaggart and 
Thompson, 1967). It is believe d to b e of late Paleozoic a ge on the basis of 
certain Ethological similarities to rocks of the Pennsylvanian and Permian 
Cache Cre ek Group north of th e map-area, to the possibly Mississippian and 
Devonian Fergus son G roup north-northe~· st of the map-area, and to the 
Chilliwack Group. The Cache Creek Group contains abundant chert and 
g r eens tone litholo g ically similar to that in the map-area, but differs in that 
limestone is a major part of it. The Chilliwack Group contains relatively 
abundant pyroclastic rock associate d with g re e nstone , sandstone and lime
stone and far less chert, although the greenstone is similar to that in the 
Hozameen area. All of these differences could well be due to facies changes. 
Far more problematical is the abs e nce of any fusulinids from limestones of 
the Hozameen Group, as thes e fossils are locally abundant in limestone of the 
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Cache Creek and Chilliwack groups and in many cases are preserved even 
when the rock is recrystallized. This absence would be accounted for if 
these rocks are pre-Pennsylvanian. Lithologically it is very similar to the 
Fergusson Group of the Bridge River area, 100 miles west-northwest of the 
map-area. This is composed of argillite, chert, greenstone and minor 
quartzite and limestone (Cai rnes, 1937; Leech, 1953). The limestones sim
ilarly contain no fusilinids. The age of the Fergusson Group is possibly 
Mississippian and De vonian. Leech (p. 21) and H. W. Tipper (pers. comm.) 
found, r espectivel y, probable Mississippian and Devonian fossils in lime
stone clasts in a Triassic or Jurassic conglomerate. According to Tipper 
the source of these clasts is the nearby Fergusson Group. If the two units 
are correlative then the problem of the age of th e Hozameen Group is 
resolved. 

Another alternative is that the Hozameen Group is stratigraphically 
equ ivalent to the Upper Triassic Nicola Group. This is considered to be 
unlikely as in addition to the Nicola Group containing an abundance of pyro
clastic rocks and little c h e rt, th e volcanic flow rocks are lithologically unlike 
the greenstone in the Hozame e n Group. The closest outcrops of Nicola rocks, 
just 20 miles e ast of the thick volcanic division ( l b) of the Hozameen Group, 
are predominantly porphyritic andesites and although they range from acid 
andesite to basalts, both extremes are rare (Rice, 1947, p. ll ), whereas the 
Hozameen greenstones are generally equigranular and altered basalts or 
andesitic basalts. 

Chilliwack Group 

The Lower P ennsylvanian to Lower Permian Chilliwack Group 
(unit 2) consists of little metamorphosed pelite, sandstone and minor con
glomerate, pyroclastic rock, altered basic volcanic rock known as green
stone, limestone and minor chert. Th e group was name d by Daly in 1912 
from the extensive outcrop area of these rocks around the Chilliw ack Valley, 
in the southwestern part of the map - area. Othe r rocks belonging to this 
group are expo sed east of the southern part of Harrison Lake, near Agassiz, 
and on the south side of the Fraser Valley near Cheam View Station (Daly, 
1912; Cairnes , 1944; Monger, 1966) . 

There are five strati graphi c and lithologic divisions in the group in 
the Ch illiwack Valley wes t of the fault zone that runs approximately north
south and crosses the va lley seven miles below Chilliwack Lake. The oldest 
division (2a) consists of peli te, siltstone and fine - grained sandstone whose 
stratigraphic base is nowhere exposed in the map-area . Its apparent thick
n ess ranges from l, 000 to 2 , 500 feet. Overlying this division with a grada 
tional contact is Lower Pennsylvanian limestone (2b) that is commonly about 
lOO feet thick and loc ally absent. Disconformably (?) above this is a clastic 
division (2c) of pelite, sandstone, and minor conglomerate and tuff, ranging 
in thicknes s from 450 to 800 feet. This division is conformably overlain by 
Lower Permian limestone (2d) whose thickness is gen erally 200 to 300 feet, 
but locally may be as much as 2 , 000 feet. The uppermost division (2e) con 
sists of greenstone, pyroclastic rock and minor chert that in places conform
ably overlies the Lower Pennsylvanian limestone and elsewhere is strati 
graphically equivalent to it. Thickness of this unit ranges from 200 to 2, 000 
feet. 
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Lithology 

Pelite is most abundant in the lowest divis i on (2a) but comprises the 
major part of the clastic sequence (2c) overlying the Lower Pennsylvanian 
lime stone . It is hard, locally siliceous, dark grey to black and is either 
massive or thinly bedded. 

S a ndstone is prominent in the clasti c division (2c) where it is· typ
ically coarse or medium g rained and occurs in massive beds. In the lowest 
division (2a) it is fine g rained, grades into siltstone and forms thin, graded 
beds within the predominant pelite. The sandstone is typically tan weather
ing, g rey or grey-gree n, poorly sorted and composed of angular fragments 
derived mainly from volcanic rocks . Commonly predominating are fragments 
of basic t o intermediate volcanic rock and plagioclase feldspar (mainly albite 
or oligoclase) that may be wholly or partly altered to carbonate or clay min
erals. These are associated with chert clasts and pelite chips. Quartz is 
notably rar e or abs e nt. Sandstone near the top of unit 2c contains shards and 
pumice fragments and is gradational with lithi c tuff. 

Conglomerate, in unit 2c forms massive beds typically a few feet 
thick, but locally up to lOO feet thick. It consists of well-rounded cobbles of 
vo lcanic rock, chert, and locally limestone in a matrix of sandstone similar 
to that d escr ibed above. 

Limestone in the Chilliwack Group is mainly recrystallized . The 
Lowe r P e nnsylvanian limestone (2b) is medium to dark g rey, argillaceous, 
and where the primary texture is preserved, is a calcarenite (Powers, 1962). 
Most characte ristic of this limestone are lar ge crinoid columnals commonl y 
an inch or mo r e in diameter. The Lower Permian limestone (2d) is gen 
erally light grey , massive, locally dol omitic and contains large, dark grey 
chert nodules . Preserved textures indicate that the original rock was an 
aphanitic or calcarenitic limestone. The uppermost part is locally tuffaceous 
and contains numerous fusulinids and crinoid columnals. 

Vol canic rock is of two main types, altered basalt or andes i tic bas
alt, known as greenstone, and pyroclast i c rock, some of which is dacitic. It 
comprises division 2e, although a few tuff beds occur just below th e Lower 
P ermian limestone (division 2d ). 

The greenstone is grey - green, massive and typically structurele ss, 
although pillows occur in a few places. It is commonly very fine gra i n e d and 
consists of randomly oriented, interlocking laths of altered plagioclas e feld 
spar, making up 80 to 90 per cent of the rock, scattered inte rgranular or 
phenocrys tic clinopyroxene grains, fonning 10 to 20 per cent, and interstitial 
chl o rite and opaque minerals. The feldspar is typically saussuritized and the 
composition of any plagioclase remaining is albite. The pyroxene is mainly 
fr e sh and may be highly fractured, and in many examples is in ophitic or 
subophitic r e lationship with th e feldspar. Chlorite is common interst itial, 
fills veins and ve sicles and in some rocks is associated with pumpellyite. 
Cal cite occurs in ve sicles or rarely, as patches in the groundmass . Skeletal 
ilmenite (?) displ aying all stages of alteration to leucoxene and finely gran 
ular sphene is ubiquitous and may make up to 10 per cent of the rock . Some 
brownish grey or maroon varieties contain fine-grained hematite. Although 
no chemical analyses are available for these rocks, texturallyandmineralog
ically they have more in common with basalts than andes ites. Mineralogical 
assemblages are those of spilites, but typically this appea rs to b e du e to 
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saussuritic alterati on of the anorthite part of the plagioclase, leav ing albite 
pseudomorphs containing saussurite, rathe r than to any excess of sodium in 
the rock. 

The most prominent pyroclastic rock is hard, massive, unsorted 
pale green to olive-green, quartz-bearing c r ys tal- v itric dacite tuff. This 
rock consi sts of 40 to 60 pe r cent pale green altered euh edral to subhedral 
fe ldspar , 5 to 10 per cent euh ed r al, bipyramidal , embayed quartz and a 
variable but subordinate amount of lithic and vit ri c fragm e nts , in a fine 
g rained matrix. It g rades with decreasing g r ain size into pale g r een silic
if i ed tu££ resembling ch e rt. Othe r p y r oclastic rock contains lithi c c lasts up 
to 6 inches in diameter, together w ith altered v itric clasts. 

Pale g r ey, g r een, white and maroon thin-bedded chert with argilla 
ceous partings is locally inte rb edded with these vol cani c rocks, but is never 
abundant. 

Els ewh ere in th e m ap- area the Chilliwack Group has not been sub
divided. Rocks east o f the fault crossin g the eas t ern end of Chilliwack 
Valley, are amphibolites, some of w hi ch cont ain relict volcan i c textures, 
che rty p e lites and some limes t on e pod s , in part contact metamorphosed by 
the Chill iwack Batholith. Structures in a h ornfels ed rock of this s e quence 
near the contact w ith the Chilliwack Batholith on Williams P eak and to the 
south, closely resembl e altered Permian fusulin id s (T. Richards , pers . 
comm . ) . Vol cani c rocks and l imestone outcrop southwest of Agassiz 
(Mathew s , 1947, p. 507 ), an association that suggests tha t these rocks a r e 
correlative with P ermian limestone and vol canic rocks (d ivi si ons Id , l e) 
expos ed on th e south side of the Fraser R iver, south of Agassiz . Limestone 

interbeds in che·rty pelite on Bear Mounta in at the south end of Harrison Lake , 
contain large crin oid columnals, and are probably of Pennsylvanian age 
(Crickmay, 193 0a, p . 38) . Phyllites and basaltic rocks ou tc ropp ing on the 
south side of Fraser R iver n ear C h eam View Station, and r ock s expo s ed on 
th e east sid e of th e southern part of Har rison L ake, call e d Slolli cum S e ries 
by Crickmay in 192 5, are tentatively correlated w ith th e Chilliwack Group on 
the basis of lithological similarities (Orr, 1967; B. Lowe s, pers. comm. ). 

Structure and metamorphism 

The Chilliwack Group in Chilliwack Valley is hi ghly d e formed, 
having undergone at l east two e pisod e s of d eformation. It was initially 
folded, t oge th e r w ith M e sozoi c r ocks, and thrust t o the northwest o n at l e ast 
two or possibly three major thrust f ault s . Folds related to this episode are 
tight a nd isoclinal a nd overturned to the north we st or recumbent, with fo ld 
axe s trend ing n orth easte rly. A pen e t rative ax ial p l a n e cleavage was devel
o p ed in a ll clastic r ocks during this episod e . T h ese structures were refold ed 
and faulted during the later , mino r , deformational epis od e, which caused th e 
common northeast plunge of ear l y fo l d axe s , and the northeasterly dip of 
b edding and planar structures produced during the first ep is ode (Fi g . 4). 
Minor folds produ ced during the second episode are conjugate or chev r on 
folds with northwes t-tr e nding axes, and major struc tur es are large asymme t
ric antiforms and r eve rs e faults with northeast-dipping fault planes. The 
structu r e of the rocks in the other out crop areas is not k nown. 
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These rocks belong to the lowest part of the greenschist faci e s, per
haps transitional to the glaucophane schist facie s r e ported f rom south of the 

map-area by Misch (1966 , p. 109). F e 1ds pars in v olcani c rock s are saussu
ritized, pyroxenes little altered , chlorite ubiquitous and pumpellyite present 
locally. Some fe ldspars in dacite tuffs ar e altered to fine-grained, optically 
irresolvable lawsonite , a mineral that chara c teri ze s the glaucophane schis t 
facies (Monger, 1966) . 

T extural alteration, mainly in clastic rocks , is due to the early 
deformational episode, and becom e s more intense from west to east . A pen
e trative fracture cleavage parall e l to the axial plane of ea rl y f olds is devel
oped in p e litic and tuffaceous rocks west of the thrust fau lt that crosses 
Tamihi Cr e ek , whereas coa rs er sandstones are little alte r ed. East of and 
above this thrust the peliti c rocks have a slaty or phylliti c axial plane cleav
age and grains in coarser c lastic ro cks are flattened, producing a crude 
foliation . 

Exceptions to this regional metamorphism occur along th e contac t 
w ith the Chilliwack Batholith, where pelitic rock is co n ver t ed to cordie rit e 
biotite ho rnfels. In addition, greenstones near the contact are fin e gra ined 
amphibolites although this change may be due mainly t o regional rath e r than 
the contact metamorphism. 

The Chilliwack Group is overlain d is conformably by Upper Triassic 
rocks of the Cultus Formation. Bedding on both sides of the c ontact is para
llel and both Mesozoic and Paleozo i c rocks appear to have undergone two 
deformational phases and the same degree of metamorphism. Th e basal con
tact of the g roup is not known from the map-area, as th e oldest rocks in th e 
forn1ati on ove rli e younger rocks on a thrust fault. 

Fossils, age and corr e lation 

Fossils occur in all divisions of the Chilliwack Group but ar e rar e l y 
abundant (Tabl e I ). Of these only fu sulinids in the Lower Pennsylvanian and 
Lower Permian limeston e give precise stratigraphi c ages. 

The fusulinid faunas allow fairly precise cor relati on with oth er units 
in the W estern Cordillera . Lower P e nnsylvanian limestone outcrops e xte ns
ive ly in northwe st e rn Washingt ~n, southwest of th e map - area (Danner, 1957 ). 
Limestone of the Cache Creek Group at Harper Ranch, e ast of Kamloops, 
British Columbia and th e Coffee Creek Formation of Suplee, Or eg on ar e of 
the same age (J. W. Skinner, personal communication w ith W . R. Danne r) . 
Plant fossils of P e nnsylv anian a ge , described by Merriam and Berthiaume 
(1943) and Maymay and Read (1956) in clasti c rocks overlying the Coffe e 
Creek Formation are possibly equivalent in age to the plant fossi ls indivisi on 
Zc, that similarly overlies Lowe r Pennsylvanian lime stone. Lower Permian 
lim e stone outcrops southwest of the ma:t=- -area and contains similar fusulinids 
to those in division Zd (Skinner and Wilde, 1966). Litholo g ically the 
Chilliwack Group is somewhat similar to the Hozameen Group (unit 1), 

although it contains more clastic material. 
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TABLE I 

Fossils in the Chilliwack Group 

Division Fossils Age 

2e Fusulinids (Parafusulina ? ) , crinoids Early Permian 

2d Fusulinids (Schwagerina, Pseudofusulinella Early Permian 
Parafusulina), corals, bryozoa, brachiopods (Leonardian, poss-
c rinoids ibly latest 

Wolf cam pian) 

2e 

2b 

2a 

Plant fragments (Lepidodendron, Calamites), 
bryozoa, brachiopods, pelecypods, ga stro
pods, cephal opods, cr inoids 1 

Fusulinids (Millerella , Eostaffella)2 
corals, bryozoa, brachiopods, crinoids 

Gastropods, pelecypods, crinoids 

D e tailed foss il l ocalities g iven by Monger, 1966 . 

Pennsylvanian or 
Early Permian 

Early Pennsyl 
vanian (Probably 
Morrowan) 

Early P ennsyl
vanian and (? ) 

older 

1 
Daly, 1912, pp. 511-512, collections 1512, 1514. 

2 
Id e ntified by J. W. Skinner , in personal communication with W . R . Danne r. 

UPPER TRIASSIC STRATIFIED ROCKS 

Nicola Group 

The small area of Uppe r Triassic Nicola Group (unit 3) in the north 
east of the map-area is underlain by schistose, dark g r een, locally massive, 
altered interm.ediate to basic hornbl e nde, augite and feldspar porphyry, asso
ciated with minor pelite, calcareous rock and quartzite (Cairne s, 1923, 1924, 
1944). These rocks origina lly were assigned to th e TulameenS e ri e s of 
Camsell (19 13). Subsequent mapping has shown th em to b e cont inuous to the 
east and northeast with th e ext ensive Nicola Group in Princeton and Nicol a 
map- areas (Rice, 1947; Cockfield, 1948). 

The unit strikes roughly parallel to th e contact with foliated grano
diorite (unit 13) w hich intrudes it on the we st, and dips northeasterly at steep 
angles. Near the contact the Nicol a Group is cut by numerous sills, recrys
tallized, and locally minerali zed with iron and copper sulphides . Northeast 
of the map - area it is overlain by late Lower Cretaceou s volcanic rocks of the 
Kingsval e Group. 

Fossils found in th e Nicola Group to the east and northeast of the 
map - ar ea are of Upper Triassic age (Rice, 1947 and Cockfi e ld, 1948) . 
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TRIASSIC AND JUR ASSIC STRATIFIED ROCKS 

Cultus Formation 

The Cultus F o rrnation (unit 4) is an undivided sequ enc e of pe1ites and 
predomin antly fi n e -g raine d sandston e s that conta ins Upper Triass i c and 
Lower and Uppe r Jurassi c fo ssils. It has an appar e nt thickne ss of 4, 000 feet 
(Mon ge r , 1966). The name was give n b y Daly ( 1912) to rocks exposed n ea r 
Cultus L ake . No physi cal break has be e n re cogniz e d betwe e n Lowe r and 
Upper Jurassic rocks and as the s e qu e nc e is r e lative ly h omogeneous it is a ll 
included in the sam e f o rmation. 

Lithol ogy 

P e litic rocks are most abundant, followed by si ltstones a nd fine
g rained sandstone s. Coars e sandstones a n d fine breccias are not uncommon, 
ch e rty p e lites and lime stone pods occur at a few l ocaliti es and vo l canic rocks 
are k n own from one outc rop. 

The clastic r ock s typically fo rm re gularly alte rnating grade d beds 
r an g ing in thickness from siltstone laminations in p e lites to sandstone beds 
about 4 inch e s thick . Srnall load c asts ar e common at the bas e of individual 
g raded b e ds and convolute d and c rossb e dded laminae are s e en rarely at the 
t ops of b e ds. The p e litic component range s from ar g illite in the western 
(au tho chtho n ous ) part of the out crop are a to phyllite in th e e astern 
(allochthonous) part . It is typically dark g r e y al).d brown weather ing. The 
sandstone component consists of varying proportions of an gu l ar volcani c 
fragm.ents, pla g io clas e f e ldspars, shal e ch ip s and minor lim e stone fra g 
ments . Where volcanic clas ts predominate the sandstone is dark grey or 
g r ey-g r een and wh e re fe ldspar is a bundant it i s light grey. All th e se ro cks 
weath er brown, buff or brownish grey. Th e vol canic fragments show tuff 
aceous t extu re s or are alte r e d basi c to interme diate lava fragments com 
posed of saussuritized (?) feldspar mi c rolites. Unaltered feldspars are 
a lbit e and altered fe ldspars may b e in part carbonate or, locally, optically 
irr eso l vable law sonite . S ome ca rbona t e g rains have the microstructure 
ch a r ac t e risti c of echinode rm ske l e t a l m ate rial. Typicall y quartz is abs e nt 
or rar e, a lthou gh clea r 'volcanic' (b e ta) quart z l ocally occurs . Thes e rock s 
are typical volcani c sandstones, p e rha ps lar gely d e rive d from a pre - existin g 
volcani c t er rane . 

Other varieties in the sequence are rar e . Hard cherty p e li tes occur 
n ea r the basal conta ct in several pla ce s, and locally contain thin shal y lime 
stone pods. Va ri o litic lava s , exposed at one outcrop 4 mil es east-northeast 
of Vedd er Cross ing, consist o f g r ey - green pillow s compos e d of small radia.
tin g aggre gates of plagioclase (Ano - An2ol in chlorite . 

Rocks e xpos e d on the west shor e of the southernmost part of 
Harrison Lake , called the Camp C ove S e ries b y Crickmay in 1925 , are ten
tativel y included in the Cultus Formation and mapped as unit 4?. The 
sequenc e con s ists of about 2, 000 feet of sandstone and black ar g illite o ve rlain 
b y s eve r a l hundr e d feet of tuff. In places above this is a congl omerat e con 
taining well-round e d cobble s of crinoidal (Pennsylvanian ?) limestone , g r een 
ch e rt a nd g r een alte r ed i gn e ous r ocks . The whol e is overlain by Middl e 
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Jurassic volcani c rocks. Possibly th e s e rocks ar e co rr elat ive with th e 
conglomerate-bearing div ision 2c of the C hilliwack Group, rath e r than the 
Cultus Formation. 

G r eenstone and phyllite on the ea st side of Harris o n L ake that com 
posed the Slollicum Series of Crickmay (1925, 1930a) ar e believed by 
B. E . Lowe s (pers. comm.) to be part of the Chilliw a ck Group, a n d ar e 
mapped as such h ere . 

Structure 

The Cultus Formation is highly deformed, having undergone two 
phases of fo ld ing and faulting, and structur es in it are compa rable to those in 
the underly ing upper Paleozoic Ch illiwack Group (See Fig . 4). Althou gh the 
lack of marke r horizons prevents the definition of major structures , m inor 
stru ctur e s ar e common. The ea rly phase of deformation produced ti ght 
northeast-trending fo ld s, overturned to the n o rthwest, and major thrust 
faults . Parallel t o the axial plane of these fo ld s i s fracture cleavage (or 
r eticulate cleavage o f C r ook, 1964) in the westernmost autochthonous, part 
of the unit a nd slaty or 'phyllitic' cleavage in th e eastern a llochth on ous , part . 
The late r de f ormation is evidenced by conj u gate and chevron folds and 
reve r se faults that trend northwester l y . 

Th e Cultus Formation disconfo rmabl y ove rli e s the Chilliwack G roup. 
Beddin g a t th e bas e of th e sequence con fo r ms to that in th e under l yin g r ocks. 
The contact in many places is marked by a breccia apparently largelyderive d 
from underlying Permian volcan i c rocks . No upp e r stratig raphi c contact of 
the sequence in the Chilliwack Valley is k now n. 

Fossils, age and corr e lation 

Fossils dia gnosti c of the Upper Triassic (Upp e r Karnian and lower 
Norian), Early Jurassic (Sinemurian), and Late Jurassic (late Oxfordian
early Kimmeridg ian) (one lo calit y) have been found in th e Cultus Formation 
(Monger , 1966). 

The only other fossils k now n are rare, unid e ntifi e d gastropods, 
clams, c rinoid ossicles and trace fossils such as worm boring s and trails. 
Daly ( 1912) found th e ammonoid Ste phanoceras and the p e lecypod Aucella 
e rringtoni, respective ly of Middle and Upper Jurassi c age , from 2 miles 
south of th e International Boundary, south of Tamihi Creek, in rocks that h e 
called the Tamihy Series. These rocks have b een r e - named Nooksack Group 
by Misch (1966) and are co rr e lative w ith th e upper part of the Cultus 
Formation. 

The u niform lithology a nd pau c ity of fo ssils do e s not allow th e 
format io n to b e subdiv id e d into members or biostrati graphic u nits. The 
Upper Triassic part of the formation can be corr elated with the Karnian to 
Norian Har o Formation o f the San Juan Islands, Washington , to the southwest 
of the map-area, with Trias si c rocks on Tex ada Island, 130 mil es to th e 
north we st and with th e N ic ol a Formation (unit 3) to th e n ortheast. The Haro 
Formation consists of volcan i c -clastic rocks with some lime stone, wh ereas 
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TABLE II 

Fossils in the Cultus Formation 

Location Foss il s 

3/4 mil e south- P e l ecypod, Buchia, ex. gr. conce ntrica 
west Mount (Sowerby) (=~ bronni Lahus e n, non? 
Pierce Rouillier, 1847) 

3 miles east - Ammonoid, Mel anhippites? 
2 

southeast Mount 
Thurston 

North sid e 
Church 
Mountain 

Northeast side 
Liumchen 
Creek, 
4 miles south 
of Chilliwack 
River 

2 miles ea"'t 
northeast of 
Mount 
Thurston, and 
900 yards west 
southwest of 
Monument 4 7, 
Inte rnationa l 
Boundary 

Pele cypod, Halobia dilata Kittl
3

? 

Ammonoid, Hannaoceras c. f. 
!:!..:. (Sympolycyclus) nodifer 
(Hyatt and Smith) 

This ammonoid associated with 
fra gmentary belemnites and 
pelecypods. 

B elemnite Aulococeras c. f. 4 

A. Carl ottense Whiteaves 

Detailed l ocalities are given by Monger, 1966 . 

Age 

late Oxfordian 
early Kimmeridgian 
(Late Jurassic) 

Sinemurian (Ea rly 
Jurassic) 

probably early, pos
sibly middle, Norian 
(Late Triassic) 

late Karnian (Late 
Tr; ssic) 

Late Tr ias sic 

1 
Ident ifi e d by J. A . Jel etzky, Geological Survey of Canada 

2 
Identified by H. Frebold, Geologi cal Survey of Canada 

3 
Id entified by G . E. G . Westermann, McMaster U niversity 

4 . 
T. W . Stanton~ Daly (1912) and author. 

the rocks on Texada Island are a volcanic limestone assemblage and the 
Nicol a Group is lar ge ly a volcanic s e quence. The Lower Jurass ic rocks can 
possibl y be co rrelated with the lowest part of the Ladne r Group of Coates (in 

press). Middle Jurassic vol cani c rocks n ear Harris on L ake are tentatively 
correlated with the v ariolitic l avas in the Cul tus F ormation. Upper Jurassic 
rocks in the Cultus are of similar litho l ogy to the A gassiz Prairie Formation 
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(unit 11 ), equival ent to the Dewdney Creek Group (unit 12) of Coates (in press) 
and to part of the Upper Jurassic-Lower Cretaceous Nooksack Group of 
Misch (1966 ). 

LOWER AND MIDDLE JURASSIC STRATIFIED ROCKS 

Ladner Group 

The Jurassic Ladner Group (unit 5) is a sequence of p e lite, less 
abundant vol canic sandstone, minor conglom e rate and local volcanic rock with 
an apparent thickness of about 6, 000 feet (Cairnes, 1924; Coates, in press). 
The name Ladner Series was g iven to this unit by Cairnes in 1924 from 
Ladner Creek, 12 miles northeast of Hope . 

Lithology 

Slate is the characteristic rock type in the unit between Boothroyd 
4 miles south of the northern borde r of the map -area in the Fraser Canyon 
and a point 15 miles southeast of Hope. The slate is dark to li ght g r ey , 
weathers brown, and commonl y conta in s pal er grey siltstone laminae. Cleav
age surfaces are lustrous and generally oriented parallel to bedding. The 
darker slates are carbonaceous and may contain pyrrhotite . Beds of massive 
sandstone interbedded with the slate are of two types . Most abundant are 
ve ry dark grey vo l canic sandstones composed of angular grains of volcanic 
and che rty felsitic rocks, abundant fresh feldspars, minor quartz gra ins s e t 
in a f ine, dark, almost isotropic groundmass. The second type cons ists of 
feldspar fragments , quartz crystals and argillit e chips in a fine - grained, 
grey siliceous matrix. Cairnes (1924, p. 48) believed that the two types 
originally were similar, with the second type derived from the first by silic
ification. Beds of congl omerate, one of which is close to the contact w ith 
the H ozameen Group, contain pebbles of siliceous rock, in part probably 
quartz porphyry, m inor diorite and gabbroic rock in a slaty matrix. 

In the southeastern part of the map - area and to the southeast, in 
Princeton map-area, the unit con sists ma inly of volcanic sandstones and 
pel ite s (Coates, in press). This part of the group is separated from the more 
southeasterly part by rocks shown as Dewdney Creek Group by Cairnes ( 1944), 
but which may well include Ladner Group, as deta iled mapping by Coates has 
shown th e Ladner Group to trend directly into this area. In addition to the 
pelites and volcanic sandstones are local, interbedded lava flows and pyro
clastics. Graded beds, groove casts and flute casts indicate that the Ladner 
Group, like the Cultus Formation, was deposited by turbidity currents. 

Structure 

The unit appears to form a major syncline whose axis trends north
northwesterly. In th e north the axis passes just east of the confluence of 
Ladner Creek and Coquihalla River (Cairn es, 1924). North of Coquihalla 
River the easte rly limb is apparently cut off by granodiorite of unit 24. Here 
the southwesterly limb has an apparent thickness of 6, 000 feet. Smaller folds 



- 15 -

are associated w ith r eve rse faults, and beddin g and slaty cleavage dip pre
dominantly to the southwest and at hi gh angles. In the southeastern part of 
the map - area the Ladner Group forms th e steep-dipping western limb of a 
major syncline call e d the Gibson Pass Syncline (Coates, in press) . This 
appears to b e the south - southeasterly continuation of the syncline to the north. 
Where well expos ed in southwestern Princeton map-area, the steep dipping 
wes t ern limb of the s yncline is compl emente d by an e astern limb dippin g 
southwester l y at moderate angles, whi ch is truncated by reverse faults. 

The contact of the Ladner Group with the H ozameen Group is believed 
to b e a fault, although Cairnes ( 1924) stated that th e Ladner unconformably 
over lay the Hozameen Group. In th e southeast part of th e map-area, detail e d 
mapping by Mc Tagga r t an d Thompson (1967) and Coates (in pr e ss) shows that 
the ve rti cal or steeply dipp ing, r eve rs e (?) Hozameen Fault s e parates the 
two units . In th e n or th, near Boston Bar, a fault separates metamorphic 
r ocks (unit Ba) f rom the Ladner Group . As the contact between the Ho z ameen 
and Ladner groups in the ar ea b etween these two faults is remarkably straight 
and marked by serpentinite (un it Aa) for most of its l ength, the contact 
between two unit s is shown as a n assumed fault rather than a stratigraphic 
contact. 

The Ladne r Group is separated from the overl ying D ewdney Creek 
G roup e ither by a d i sconformity or a low-angl e unconformity in the southeast 
of th e map - area (Coat es, in press). Farther north, it appea rs conformably 
to underli e rocks mapped as Dewdney Creek Group (Ca irnes, 1924) . In the 
northern part of the map-area the Ladner Group is in con tact w ith th e Jackass 
Mountain Group. Discordant bedding attitude s on each sid e of the con tact 
s u ggest that there i s e ith er an unconformity or a fault b etween the two 
(Roddick and Hutchison , 1969). 

Age and correlation 

The age of th e group is probl ematical, at l east in the n or th e rnm o st 
three - quarters of th e belt . In the southeast, the gr oup contains ammonites 
of Earl y a n d early Middle Juras sic age (Bajoc ian, T o arcian and possibly 
Sinemurian; Coates, in press and Frebold, Tipper and Coates, 1969). 
Farther north Cairnes (1924, p. 52) coll ected b e l emnites of "probably either 
Jurassi c or Lower Cretaceous" age. As fossi l s collected from the overlying 
Dewdney Creek Group were mo r e probably Jurassic than Cretaceous, Cairnes 
concluded that the Ladner Group was of Jurassic age. H owever, Cairnes also 
noted that rocks h ere mapped with th e Ladner G roup from n ear Boston Bar 
had some Ethol ogical similarities to the Upper Triassic rocks e ast of the 
map - area. 

In the map-area at least some rocks of the Ladner Grou p can b e 
correlated with the lower part of the Cultus Formation, to which th ey b ear a 
lithological resemblance, both sequences being predom inantly fine-grained 
turbidites. Possibl y some rocks presently mapped as D ewdney Creek Group 
should be included here as Cairnes (1924, p. 6 5) found float con ta in ing amm
onites of probably eith er Triassic or Lower Jurassic age on Tulameen 
Mountain . 
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MIDDLE JURASSIC STRATIFIED ROCKS 

Harrison L ake F o rmation 

Intermediate to acidic pyroclastic rocks and fl ows of probable Middl e 
Jurassic a ge make up the Harrison Lake Formation (unit 6) . Th e type sec 
tion, measured along the we st shore of Harrison Lake between 5 and 12 miles 
north of th e outflow at the south e nd, has an apparent thickness of 9, 240 feet 
(Cr i ckmay , 1925 ). 

Lithology 

Pyro clasti c rocks appear to exceed flow rocks in abundance 
(Crickmay , 1925; Burley, 1954) . They are dar k g re e n, locally red , rocks 
varying from poorly stratif ied vol canic br e ccias containing blocks up to 1 
foot in diameter to well-bedded tuffs. Both lithi c and crystal tuffs are rep 
r ese nted, and consist of lithic fragments, feldspar, and quartz with a little 
glass; carbonate, chlorite and epidote are alteration products . The p lagio
clas e (An0 -An 10 ), in many cases alter e d to white mica, carbonat e , chlorite 
and e pidote, may make up 80 per cent of the rock. The quart z is embaye d 
and corroded (Burl ey, 1954). 

Flows in the sequenc e are dark g re e n or dark g r ey, massive and 
locally contain columnar joints. Cri ckmay (1925, p. 55) d es cribed flow r ock s 
that ar e porphyritic in the lowe r part, g rade up into nonporphyritic rock and 
are brecciated at the top. The commonest ro c k is porphyriti c and contains 
v ariable amounts of feldspar with or without quartz pheno c rysts set in a f ine 
grained spheruliti c , int e rsertal or trachytic matrix composed la rgely of pla
g ioclase (An0 - An 10 ) commonly contains carbonate and white mica alteration 
products but little e pidote. The quartz phenocrysts are rounded and corroded 
and in many places surrounded by a reaction rim of sodic fe ldspar and quartz 
(Bur l ey , 1954). 

No consistent petrographic t e rm is appli ed to these rocks. On th e 
one hand, Burley ( 1954), working in the southernmost part of the outcrop 
area, 4 miles eas t of Harrison Mills, called the m keratophyres and quartz 
keratophyres. He believed the albitic feldspar was primary and not the 
r esult of saussuritization, citing as ev id ence the lack of r e lict calcic feldspar 
textures and the presence of only minor amounts of ep idote in the rocks . On 
th e other hand, Roddick (1965 and p ers . comm .) in describing essentially 
similar rocks from the Chehalis River v alley immediately west of the main 
outcrop area of the format ion used th e terms m e ta - andesite and dacite. He 
believed that the orig inal and e sites were subjected to low-temperature sodium 
metasomatism as the feldspar, now albite , contains broad twin lamellae 
characteristic of and e sine - labradorite plagioclases. 

Structure 

The unit is folded into broad, open, roughly northeast-tr e nding folds. 
D ips range from horizontal up to 70 degrees. Faults ar e common. The base 
of the formati on is exposed on the west side of Harrison Lake, above rocks 
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of unit 4? (the Camp Cove Series of Crickmay, 1925). The unit is conform
ably overlain by the Echo Island Formation. 

Fossils, age and correlation 

The Harrison Lake Formation contains brachiopods and cephalopods 
of Middle Jurassic age (Crickmay, 1930b, 1962; Fr e bold, p ers. comm., 
below). 

Three miles n o rthwe st of Harrison Hot Springs fossils in sedimen
tar y strata both over lain and und e rlain by th e Harrison Lake Formation were 
described by H. Frebold (pers. comm.) as follows: 

"There are s eve ral fossil horizons in these beds. One, probably the 
oldest one hitherto found, conta ins predominantly pelecypods and poorly 
pre s erve d gastropods. Among the pelecypods are pectinids, Oxytoma, 
Astarte, Parallelodon, Tri gonia. Younger than this bed are beds with 
ammonites and a few pelecypods. About 20 feet above the ammonite 
horizon follow several beds with belemnites. 

"The age of the fauna. Crickmay (1930 , p. 38) mentioned from his 
l ocality 3 Rhynchonella sp., Entolium vol canicum Crickm<: _', and 
Cylindroteuthis themis Crickmay. He deterrnined their age as Middle 
Jurassic (Crickmay, 1930b, p. 37). Entolium volcanicum Crickmay was 
placed in the Bajocian. ' The sp ec i e s wa s an inhabitant of the powerfully 
vol can i c British Columbia of Bajocian times' (Crickmay (la c . cit . , p. 52). 
The same age would apply to Rhynchonella sp. and Cylindroteuthis 
them is 2 s they occur in the same bed as Entolium volcani cum. 

"Crickmay' s age - determination may have been cons ide red as some
what doubtful because it is based on two new species of two long ranging 
ge n e ra and inde t erminable f ra gment s of Rhynchonella. 

"The ammonites found by the author are poorly preserved. No com 
plete specimen wa s collected and neither the cross -s ection nor details 
of the keeled venter could be observed. Nevertheless the gen eral outline 
and the ribbing assign most of them to va rious species of the Genus 
Fontannesia Buckman of the Family Sonninidae Buckman. 

"Several species of this genus have been described, particularly 
from Western Australia :Arkell, 1956), and some of these ' species' are 
represented in th e Harrison Lake fauna . There are specimens with 
rarely divided and more blunt ribs and others w ith more often biplicate 
ribs, but they are too poorly preserved to warrant specific identification . 
One of th e smalle r species found at GSC locality 25778 has an ear pre
s erved . It compares very we ll with Buckman' s ( 1887 -1 907) Fontannesia 
curvata (plate 4 7, fi gure 1) which shows the same kind of ear. Some of 
the 'species' have been found at all the here considered Harrison Lake 
ammonite localiti e s thus d emonstrating the same age of the beds 
conc e rne d. 

"Arkell (lac. cit., p. 597 and elsewhere) has already mentioned th e 
great similarity of some spec i e s of Fontannesia to some Grammoceras 
of the Upper Toarcian. 'Between some of them th e re is almost perfect 
homoeomorphy' . Arkell' s findings are fully substantiated by the author 
wh o was at first incline d to consider this Harrison Lake fauna as Upper 
Toarcian. 
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"O nly at GSC locality 25782 = 27999 fragments of anoth er ammonite 

were found which could belong to the Otoitidae. 
"The genus Fontannesia is characteristic of the early Sowerbyi Zone 

of the Middle Bajocian. 

The age of the volcanics 
"As the Middle Bajocian Fontannesia beds form a marine deposit 

w ithin the volcanic rocks (unit 6), as volcanics above the Fontannesia 
beds are overlain by Callovian their age is mainly Ba j ocian, perhaps also 
Bathonian. The part of the vo l canics beneath the Fontannesia beds may 
also be in part of Early Jurassic (Toarcian?) age . " 

In the map - area the unit possibly can be correlated with the outcrop 
of var iolitic volcanic rocks included in the Cultus Formation and with volcanic 
rock in the Ladner Group. Misch ( 1966) mapp e d andesite grading into kerat 
ophyre and dacite, called the Wells Creek volcanics, 24 mi l es due south of 
the southernmost outc r op of Harrison Lake Formation. 

Echo Island Formation 

The Echo Island Formation (unit 7) cons i sts of tu££, with minor 
agglomerate, sandstone and argillite and is probably of Middle Jurassic age. 
It was named by Cr ickma y in 1 92 5 from the southeastern part of Echo Island. 
The total computed th i ckness is 2, 769 feet. 

The formation is characterized by its excellent stratification, and 
contrasts with the confo rmably underlying Harrison Lake Formation in its 
predominantly fine-grained nature and absence of intercalated flows. It 
appears to represent the waning stages of the Middle Jurassic vol canism. 

Fragmental pelecypods and belemnites in the formation are inad e 
quate for correlation (Crickmay, 192 5). However, as it is conformabl e to, 
and probably genetically related to, th e underlying Harrison Lake Formation 
it is consid ered to be of probable Middle Jurassic age. It appears to be 
includ ed in the Upper Jurassic - Lower Cretaceous Fire Lake Group in the 
adjoining Pitt Lake map - area (Roddick, 1965). 

Mysterious Creek Formation 

The l ower Upper Jurassic Mysterious Creek Formation (unit 8) com 
prises 2, 300 to 2, 900 feet of u niform black argillite. The unit was named 
from Mysterious Creek (n ow Mystery Creek) which enters the west side of 
Harrison Lake about 16 miles north of its outflow (Crickmay, 1925, 1962). 

The formation is extremely uniform. With the exception of rare thin 
sandstone and limestone beds, and an increase in the arenaceous content at 
the top, it is monotonous black argillite . 

The Mysterious Creek Formation conformably over lies the Echo 
Island Formation. It is conformably overlain by the Billhook Formati on near 
Myste r y Creek on the west side of Harrison Lake and with a s l ight a n gul ar 
unconformity by the K e nt Formation at the south end of Harrison Lake. 
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The unit is of Callovian a ge . It contains several faunas composed 
mainly of ammonites that are described by Crickmay (l930b, localities 8, 9, 
10 , 11 , 12 , 13, 14 and 15 ). It is include d in the Fire Lake Group in the 
adjoinin g Pitt Lake map - ar e a (Roddick, 196 5 ). South of Fraser River it can 
possibl y be co rrelated with rocks in th e upp e r part of the Cultus Formation. 

Billhook Creek F ormation 

The Upp e r Jurassi c Billhook Creek Formation (unit 9) is composed 
of g r ey to green, fine - graine d, we ll - b edded tuff and vo lcanic sandstone with 
an apparent thi ckness of l , 800 feet (C ri ckmay, l930a, 1962 ). Originally 
Crickmay (1925) includ ed this unit in hi s Kent Mountain Formation, although 
he expressed doubts about its equival e n ce . Later , in 1930, h e introduced the 
name Billhook Formation and described th e unit und e r this name in 1962. 
The term comes from Billhook Creek, whi ch apparently is west of Long 

Island in Harrison Lake . 
T he form.ation conformably ove rlies the Mysterious Creek Formation. 

On the west side of Harrison Lake it is disconformably ove rlain by the Lower 
Cretaceou s Peninsula Fo rmation. A small area of tuff on th e n orth slope of 
Moun t Agassiz (Kent? Mountain ) is co rr e lated with the Billhook Formation 
and is ove rlain with slight angular un confo r mity by the Kent conglomerate of 
pre - Late Oxfordian (Ar govian of Crickmay ) age . 

The unit conta ins cephalopods and p e l e cypods and is probably of 
Callovian age. The pr e s e n ce in it of "juvenile cadoc e ratoids" (Crickmay, 
1962) indicates that i t is of Callovian age (F r ebold, pers. comm. ). 

UPPER JURASSIC STRATIFIED ROCKS 

Kent Formation 

The Upper Jurassi c Kent Formation (unit 10) consists lar gely of 
con gl omerat e with minor interbedded shale and sandstone . It has a thickness 
of 3, 060 feet and is n amed aft e r the municipality of Kent (C ri c kmay, 1925 , 
1962 ). 

The con gl omerate is poorly sorted and contains clasts up to 8 inches 
in d iameter. It contains cobbles of micropegmatite , quartz fe ldspar porphyry 
der ived from the Harrison L ake Formation, tuff , quart z it e , chert and 
argillite. 

The formation lies unconformably on the Mysterious Creek Formation 
and is conforrnably over l ain by the Agas siz Prairie Formation. No fossils 
are known from it, but as it is above Callovian and bel ow U pper Oxfordian 
(Argovian) beds it i s probably of early Late Jurassic age. 

Agassiz Prair ie Formation 

Black, uniform, gypsiferous argillite w ith interbeds of sandstone, 
tuff and limeston e make up the Upper Juras sic Agas siz Prairie Form ation 
(un it 11). The total apparent thickness is 4, 000 to 5, 000 feet (Cr i ckmay, 
1925, 1962). T h e narn. e is taken from Agassiz Pra irie , on which the town of 
Agassiz is built. 
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The formation conformably overlies the Kent Formation. Black 
argillite, correlated with the Agassiz Prairie Formation, unconformably 
underlies Lower Cretaceous rocks on the west side of Cascade Peninsul a, 
Harr i son Lake (Crickmay, 1962). 

The precise age of this formation is controversial althou gh it is 
Upper Jurassic . Only poorly pres e r ved indeterminate fossils are fou nd in 
the main part of the Agassiz Prairie Formation, but black argillites included 
in the formation at the south end of the west side of Cascade Peninsula conta in 
cephalopods and pelecypods that according to Crickmay (1962) ar e Argovian 
(late upper Oxfordian). Fr e bold (pe rs. comm . ) feels that there is no proof 
of an Oxfordian age for the unit and it may well be younger, whe r eas Jeletzky 
and Tipper ( 1968, p. 68) believe it is early Oxfordian. This unit probably 
can be correlated with the upp e r part of the Cultus Formation south of Fraser 
River, which it r esembles, with the lower part of the Nooksack Group of 
Washington State, the lower part of the Fire Lake Group in Pitt Lake map
area and the Dewdney Creek Group of Coates (in press) . 

Dewdney Creek Group 

It is not possible to give a single generalized description of the 
Dewdney Creek Group (unit 12 ). Cairnes (1924) gave the name to a sequence 
of tuffs and tuffaceous sediments about ll, 000 feet thick that overlie the 
Ladner Group . He assigned these rocks to the Upper Jurassic on paleon
tological; structural and lithological evidence, but noted that on paleontologi 
cal g rounds alone the unit could be L ower Cretaceous. Recentl y , Coates 
(in press), on th e basis of num erous fossil collections, restr i cted th e term 
Dewdney Creek Group to an Upper Jurassic seque nce of volcanic sandstone 
and pelite. This restricted unit in the southeast of the map - area is shown as 
unit l2a . The Dewdney Creek Group of Cairnes (1924) adjoins Coates' unit to 
the north and is mapped as unit l2b. It probably includes rocks shown by 
Coates to be (hi.s) Lower to Middle Jurassic Ladner Group and (his) Lower 
Cretaceous Jackass Mountain Group. The type area of the group is Dewdney 
Creek, which flows into the Coquihalla River 10 miles northeast of Hope. 

Dewdney Creek Group in southeast part of map - area (unit l2a) 

The Dewdney Creek Group of Coates is not more than l , 000 feet 
thick and consists of mainl y fine-grained, we ll-sorted volcanic sandstone and 
sandy argillite with beds of pebble~conglome rate near the bas e . The rocks 
are derived in large part from volcanic rocks with just a trac e of granitic 
material. 

The unit overlies the Ladner Group disconformably or with low
angular unconformity. It is part of the east-dipping western limb of the 
Gibson Pass Syncline exposed in the adjoining Princeton map - area to the ea st . 

Collections of pelecypods and cephalopods from this unit have been 
dated by J. A . J e letzky (pers. comm . with Coates) as Upp er Jurassic (upper 
Oxfordian to Portlandian). This e nables the unit to be correlated with the 
upper part of the Cultus Formation and the Agassiz Prairie Formation in the 
eastern part of the map - area . 
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Dewdney Creek Group in northeast part of map-area (unit 12b) 

The Dewdney Creek Group of Cairnes consists of 11, 000 feet of 
thinly bedded to massive, extremely fine grained to coarse, waterlain tuffs 
and minor interbedded slate. 

Cairnes divided the unit into three divisions. Th e lowe st division, 
4, 000 feet thick, consists of green, mainly coarse grained crystal-lithic and 
lithic andesite tuff. Some rocks are granular and consist of lithic fragments, 
plagioclase feldspar and minor quartz together with fragments of black 
argillite and smoothly rounded felsitic grains. Others are massive, resem
ble lava flows in outcrop and consist of fragments of porphyritic lavas and 
minor feldspar. Both have a fine-grained, a lmost amorphous matrix contain
ing microlites . The middle division, 3, 500 feet thick , is dark grey to black, 
well -bedded , fine-grained crystal lithic tuff. An gular fragments of clear or 
partly altered feldspar, minor quartz and lithic fragments are in a fine
grained matrix that is more abundant than the matrix of tuffs of the lo;vest 
division. The upper division is 3, 500 feet thick and is mainly fine grained 
vitric and c rystal tuff with interbedded black slate. Some rocks are corn 
posed entirely of shards, whereas others consist of fe l dspar and quartz frag 
ments in a fine-grained matrix. 

These rocks li e in the core of a closely compressed syncline that is 
possibly the north-northeasterly extension of the Gibson Pass Syncline which 
is well exposed in the adjoining Princeton map - area . Numerous minor folds 
and faults in it are possibly related to the major syncline. In the ar ea 
investigated by Cairnes ( 1924) the unit appears to be structurally conformable 
to the Ladne r Group . It is overlain unconfonnably by rocks correlated with 
the Coquihalla Group of Cairnes ( 1924). 

Cairnes assigned these rocks to th e Upper Jurassi c on the basis of 
paleontology, structural relationships and l ithology. H e coll ected cephalo
pods and clams from the unit. In addition to faunas which were "more like ly 
Jurassic", he found foss ils that occur in the Lower Cretaceous Pasayte n and 
Jackass Mountain groups, and float with "probably either Triassi c or Lowe r 
Jurassic" am.monites. Coates has shown that his Lower and Middle Jurassic 
Ladner Group, Upper Jurassic Dewdney Cr eek Group and Lower Cretaceous 
Jackass Mountain and Pasayten groups are separated by hiatuses in the area 
immediately south of the area rr>apped by Cairnes. It therefor e seems proba
ble that unit 12b is equivalent in part to all three units in the south, and that 
further mapping is necessary so that this unit can be subdivid ed . Possibly 
these pyroclastic rocks are in part equ ivalent to the Middle Jurassic Harrison 
Lake Formation to th e west, and as such are older . 

LOWER CRETACEOUS STRATIFIED ROCKS 

Peninsul a Formation 

The Lower Cretaceous Peninsula Formation (unit 14) comprises 
1 , 260 feet of sandstone and basal congl omerate . The type l ocality is Cascade 
Peninsula, Harrison Lake (Crickmay, 1925, 1962). 

The bul k of the unit consists of dark grey to green, locally calcare
ous sandstone. At its base on Cascade Peninsula there is a white a r kosic 
sandstone 185 feet thick that contains well-rounded pebbles of granite 
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(56 per cent), porphyry (19 per cent), chert (13 per cent) and quartzite (19 
per cent). To the northwest where th e formation crosses Mystery Creek on 
the west side of Harrison Lake, the pebble-bearing sandstone is replaced by 
a basal conglomerate 200 fe e t thick, in which the pale sandstone matrixforms 
a very minor part. Well-rounded pebbles in the conglomerate are mostly 
less than 4 inches in diameter and are composed of granite (37 per cent), 
porphyry (9 per cent), chert (23 per cent), black argillite (4 per cent) and 
sandstone (27 per cent). The porphyry, chert and black argillite clasts are 
similar to thos e in the Upper Jurassic Kent Formation, but the granite and 
sandstone appear in none of the earlier conglomerates in the area. The gran
ite clasts consist mainly of quartz and orthoclase with minor plagioclase and 
hornblende as the only accessory. According to Crickmay (1925) the lithology 
of the granitic clasts is similar to that of th e granitic rock exposed 7 miles 
west of Harrison Lake. 

Tentatively included in this formation are conglomerates containing 
granitic clasts, sandstone, and pelites that outcrop on the east side ofVedder 
Mountain, in the southwestern part of th e map-area. 

The Peninsula F o rmation near Harrison Lake rests with slight ang
ular unconformity on th e Jurassic Agassiz Prairie, Kent and Myste rious 
Creek formations. It is conformably overlain by the Brokenback Hill 
Formation. 

The formation is lower L owe r Cretaceous in age. Abundant pelecy
pods and cephalopods in the sandy pa rt of the formation ar e Neocomian 
(Crickmay, 1962) o r more prec is ely Berriasian and lower Valanginian 
(Jeletzky, 1965, p. 65). Location and description of fossils are given by 
Crickmay (1925 , 1930b, 1962). West of the map-ar e a, the lower part of the 
Fire Lake Group of Roddick (1965) is probably equivalent to the Peninsula 
Formation. 

Broke nback Hill Formation 

The Lower Cretaceous Brokenback Hill Formation (unit 15) is com
pos e d mainly of pyroclastic rocks with minor sandstone and shales. It has an 
approximate composite thickness of 3, 684 feet. The type locality is 
Brokenback Hill, which is the n orth-northeast trending hill on th e west side 
of Harrison Lake, opposite the small lake on L on g Island (Cr ickmay, 1925, 
1962 ). 

The formation contains both tuff and agglomerate, and conformably 
overlies the Peninsula Formation. Its top is not seen as it is in fault contact 
with older rocks to the ea st. 

The age of th e f o rmati on is Early Cr e taceous. It contains a pelecy
pod and cephalopod fauna that is described by Crickmay (1925, 1930b, 1962). 
According to Jeletzky ( 1965, p. 65 a n d personal communication) the formation 
is of Valanginian and Hauterivian age , and may possibly include some still 

younger rocks. It is correlated with part o f the Fire Lake Group to the west. 
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Jackass Mountain Group 

The Lower Cretaceous Jackas s Mountain Group (unit 16) consists 
largely of conglomerate and sandstone containing much granitic and gn e issi c 
detritus. It has a possible maximum thickne ss of 14, 000 feet . The nam e was 
given by Selwyn in 1872 to conglomerate exposed in Fraser Canyon about 5 
miles north of the 1nap-area on the western slope of Jackass Mountain. 
There, marine and nonmarine strata form fault -bounded slices eroded by the 
Fraser River (Duffe ll and McTaggart, 1952). Ca irnes (1944) showed the 
group extending from the northern boundary of the map - sheet, near th e type 
locality, as far south as Coquihalla River. Rocks at th e latter l ocality were 
originall y mapped (Cairnes, 1924) with rocks of the Pasayten Group as 
''Lower Cretaceous rocks". Recently Coates (in press) on the basis of 
detailed rn.apping m.ainly just east of southern part of the 1nap-area, 
restricted the tern1 Jackass Mountain Group to marine Lower Cretaceous 
strata, and referred partly stratigraphically equivalent nonmarine strata to 
the Pasayten Group. As the Jackass Mountain Group in the northern half of 
the map - area may contain n onmarine strata, it is distinguished as unit 16a; 
the wholly marine st ra ta mapped by Coates in the southeast of the map-area 
are called unit 16 b. 

Jackass Mountain Group in northeast part of m ap-a rea (unit 16a) 

No detailed mapping has been done on the Jackass Mountain Group 
between Anderson Rive r Mountain a n d the northe rn boundary of the map-area . 
Reconnaissance work by Roddick and Hutchison ( 1969) indi cate d that n e ar 
Boston Bar the litho lo gy of the group is comparable to that of Di vision C of 
Duffell and McTaggart (1952). The main lithology is dark , massive grey
wacke with local slabs and pebbles of black a r gillite and thinly b edded argill
ite and g r eywacke . Inte rbe dd ed con g l omerate consists of well-rounded cobb 
les of quartz - rich l eucocratic granitic cobbles forming from 30 to 90 per 
ce n t of the whol e rock, volcanic rock, argillite, quartzite, feldspar porphyry, 
chert and gne iss. The lithology of one gn eis s cobble seen is identical to that 
of blocks fannin g the margin al phase of the quart z diorite pluton (unit 19 ) 
near Alexandra Bridge. 

The Jackass Mountain Group n ear Boston Bar dips moderately to the 
east. Although the contact between it and the underlying Ladner Group is 
covered, th e steeper dips of the latter s u ggest that the conta ct is eith e r an 
unconformity or a fault. 

Small, partly fault - bounded bodies of con gl ome r ate and finer clastic 
rocks along Coqu ihalla River valley mapped by Cairnes (1924) together with 
rocks of the Pasayten Group were later shown by him ( 1944) as Jackass 
Mountain Group. The conglomerate consists of rounded cobbl es up to 8 
inches in diameter of granite and granodiorite, w ith a few basic pebbles , 
volcanic and sedimentar y rock fragments and rare gneiss clasts . 

Jackass Mountain Group in southeast part of map - area (unit 16b) 

The Jackass Mountain Group in the southeastern part of the map
area consists largely of sandstone with minor conglomerate (Coates, in 
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press). The older beds consist o f volcanic and metamorphic detritus wherea s 
th e younger ro ck s contain rnuch graniti c and gneissic material. 

The group disconformab ly over lies the Dewdney C reek Group in th e 
south e astern part of the map-ar e a. Southeast of the map - area, it gr ad es 
throu gh a largely pelitic sequenc e into massive, coa rs e sandstone and con 
glomerate that intertongues with and is ove rlapped by nonrnarine clastics of 
the Pasayten Group. 

The age of th e g roup is Lowe r Cretaceous. Unit l 6b and its ext en 
sion southeast of th e map - ar ea contains Hauteriv ian to Albian fossi ls (Coates, 
in pr e ss). North of the map - area, pelecypods, ammonites and plant fossils 
ranging in age f rom Barremian to Aptian have been collected f r om the g r oup 
(Duffe ll and McTaggart, 1952). 

Pasayten G roup 

The L ower Cretaceous Pasayten Group (un it 17 ) compris e s 8, 000 
feet of conglomerate, sandstone and pelite (Cairnes , 192 4 ) . The name was 
given by Daly in 1912 to "Lower to Uppe r Cretaceou s" rock s exp osed on the 
International Boundary betwee.n l mile and 15 miles east of th e southeast co r
ner of the map-area. Coat es (in press) has shown that th e type - area of 
Daly's Pasayten Serie s includ ed Lower to Middle Jurassic (Ladner) , and 
Upper Jurassic (Dewdney Creek) rocks as well as Lower Cretaceous rocks . 
H e restricted the Pasayten Group to nonmarine rock s and demonstrated th at 
they intertongue with and overli e his m arine Jack ass Mountain Group. In the 
type - area, Coates' Pasayten Group has a thi ckne ss of up to 10, 000 f eet and 
is Albian or late Lower Cretaceous . 

The Pasayten Group in the map-area conta ins no definite fossils but 
is so similar litholo gically to some membe rs of the Pasayten Gr oup to the 
southeast that Cairnes ( 1924) had littl e hesitation in c o rrelating th em. How
ever, sinc e they ar e 10 miles to the northwest on strike w ith r ocks belonging 
to both Jackass Mountain and Pasayte n G roup of Coates, th e y may we ll 
include both g roups as defined by him. The u nit consists of conglomerate 
containing vol canic, chert and greenstone c l asts, that comprises about a 
quarter of the total section, and sandstone and pelite. The volcanic frag
ments in th e conglomerate appear to have been d e rived from both Dewdne y 
Creek ( l2b) and Hozam ee n Groups and the chert from th e Hozam een Group. 

On th e west these rocks are in apparent fault contact with the L adn e r 
Group (Ca irnes , 1944) . This fault is probably the northwes t e.rly extension of 
th e Chuwanten Fault of Rice (1947). On th e east they are mainly in fault con
tact with th e Eagle Granodiorite, bu t are l ocally intruded by a mar ginal dio
rite phase of the Eagle Granod iorite. They are intrude d and contact meta
morphosed by granodiorite (unit 24) of th e Needle Peak Pluton on the north, 
and a l so over l a in with marked unconformity by the Coquihalla Group (unit 23) . 
To the south they are ove rlain by rocks t e ntative l y corre l ated with rocks of 
th e Coquihalla Group. 

Kings val e Group 

Rocks cor r elate d with the late Lower Cr e tac eous Kingsvale Group 
(unit 18 ) occur in the n orth east corner of the map-a r ea. This correlation is 
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made with confidence for these rocks are in continuity with rocks at the type 
locality, Kingsvale Station, located 7 miles south-southeast of the northeast 
corner of the map-area (Rice, 1947). 

Rocks of the Kingsvale Group in the northeast of the map-area are 
basalt, andesite, agglomerate, tu££, minor arkose and greywacke (Cairnes, 
1944). Adjacent rocks in Princeton map-area consist of a basal andesitic 
agglomerate containing clasts of older rocks and plant-bearing greywacke, 
arkose and tuffaceous sandstone. Overlying these rocks is pyroc lasti c 
breccia composed of angular fragments of green, pale buff or grey andesitic 
feldspar porphyry in a matrix of crystal lithic tu££, above which is purple, 
green, mauve, grey, black and dark brown andesitic and basaltic lava. The 
p lant fossils found in the sequence ar e of Albian (late Lower Cretaceous) age. 

CRETACEOUS AND/OR TERTIARY STRATIFIED ROCKS 

Early Tertiary and ? Latest Cretaceous Clastic Rocks 

Eocene conglomerate and finer clastic rocks form a series of small 
outcrop areas aligned in a north-south direction and extending rrom just 
north of Hope as far as the International Boundary and beyond (Mc Tag gart and 
Thompson, 196 7 ) . These rocks were originally included by Cairnes ( 1924) in 
his "Lower Cretaceous rocks". In addition, a small outcrop of Early 
Tertiary rocks occurs near Vedder Crossing ( Crickmay and Pocock, 1963) . 

Rocks near Hope 

Congl omerate is the most abundant rock and forms a lmost all of the 
unit north of Hope. South of Fraser River, sandstone locally containing 
fossil plants becom es more common and is abundant near Chilliwack Lake. 
The conglomerate north of Hope contains well-rounded clasts up to 3 feet 
long, but av·eraging 0. 3 to 1 foot, in an arkosic matrix. Clasts of p lutoni c 
rock are abundant and boulders of Custer Gneiss, mica schist, che r t, lime 
stone, white quartz and fresh sandstone resembling that of the Dewdney Creek 
Group are not uncommon. North of Hope th e se rocks are little metamor
phosed; south of the river they ar e locally converted to hornfels and 
myloniti zed . 

North of Hope th e unit is bounde d on the east by a nearly vertical 
unconformity with gneiss, and on the west by the steep, north-south trending 
Hope fault (Read, 1960). Farther south, the eastern contact is with Custer 
Gneiss and dips at angles of up to 40 degrees to the west. The Hope fault 
locally bounds the unit on the east , as n ear Isolillock Peak, but elsewhere is 
destroyed by the Chilliwack Batholith, which is responsible for the contact 
metamorphism of th e unit (T. Richards, pers. comm. ). 

Studies of pollen from the unit north of Hope, have shown these rocks 
to be Eocene (G. E. Rouse, in McTaggart and Thompson, 1967) . They can 
possibly be correlated with the Chuckanut Formation to the southwest and the 
Princeton Group to the east. 
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Rocks near Vedder Crossin g 

Vertically dipping white feldspathic sandstone of latest Cretaceous or 
Paleocene age outcrops just east of Vedder Crossing (Crickmay and Pocock, 
1963). The contacts with older rocks are covered. These rocks are correla
tive with the litholo g i call y similar Chuckanut Formation to the south and 
southwe st . 

MIOCENE AND EARLIER STRATIFIED ROCKS 

Skagit Formation 

The Oligocene (?) Skagit Formation (unit 22) comprises at least 
5, 000 feet of andesitic to rhyolitic flows and pyroclastic rocks (Daly, 1912). 
The formation was nam e d by Daly in 1912 from rocks exposed west of Skagit 
River. 

The lower 4, 000 feet of the formation consists of massive, andesitic 
breccias and tuffs , w ith interbedded flows and one conglomerate bed. The 
flows and lava fragments in the andesite are augite andesite composed of 
phenocrysts of plagioclase (An60 ) and uralitized augite, in an altered matrix 
of chlorite, uralite, plagioclase microlites and possible altered glass. Other 
clasts in the pyroclastic rocks are fragments of the underlying rocks. A 
conformabl e conglomerate bed, lOO feet or more in thickness, was probably 
water lain . 

Acidic tu££, in the upper part of the sequence, is nearly white and 
very fine gra ined . In thin sections it is seen to be composed of a crypto
crystalline matrix of quartz and feldspar containing a few sanid ine or ortho
clas e clasts. 

These rocks are best dated as O li gocene. Immediately south of the 
map-area Misch (1966) found the formation to lie nonconformably on the 'main 
phase' of the Chilliwack Batholith, which there is dated radiometrically as 
probably later E ocene, and to be intruded by a late Oligocene phase . 

These rocks can probably be corre lated with the Coquihalla Group 
(unit 23). Cairnes (1923) noticed a general resemblance between the two 
units. In addition, both outcrop next to mid-Tertiary graniti c rocks. Poss
ibly these were the source of the vol canic rocks, as the gran iti c rocks are of 
about the sam e age. 

Coquihalla Group 

The Tertiary(?) C oquihalla Group (unit 23) is composed of basalt 
and rhyolite flows and pyroclastic rocks l ocated around a d ior itic plug that 
forms the peak of Coquihalla Mountain. The stratified rocks have a total 
thickness of approximately 4, 000 feet . The unit was named and described by 
Cairnes in 1924. 

The basalt flows have an aggregate thickness of several hundred feet, 
and occur at the base of the stratified rocks. They are dark grey, dark g re en 
to almost black, show excellent columnar jointing and consist of a matrix of 
calcic feldspar, pyroxene and alteration products containing phenocrysts of 
zoned calci c feldspar. 
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Rhyolite flows overlie the basalt and have a total thi ckness of about 
l , 500 feet . 'They are massive, hard, fi n e - gra ined, creamy w hite rocks that 
consist lar ge l y of quartz and a ltered fe ld spar. Youngest are pyroclastic 
rocks not less than 2, 000 feet thick. Th e s e vary f r om fine, ashy tuffs to 
coarse br e ccias . They consist of glass f r agments, qua rt z crystals and acid 
plutonic rocks in a soft ashy groundmass . 

The core of Coquihalla Mountain is a rnedium- to fine- grained pyrox
ene di o rite . This r ock is g rey, massive, a nd cons ist s of about 70 per cent 
fresh plagioclase (and e sin e) and 20 per cent colourless pyroxene with ma g 
n et it e and apatit e as acce ssory minerals . Fin e -grained int rusive s ar e more 
porphyr itic. This roc k was bel ieve d by Cairnes ( 1924) t o be th e latest 
igneous phase in the group. 

These rocks are onl y broadl y wa rpe d in comparison to th e L ower 
Cretaceous rocks in the area . They li e enti r e l y on e r oded plutonic rocks 
excep t where they over lap on to th e Pasayten Group. 

Th e Coquihalla Gr oup was b e li eved to be of Miocene age, on struc
tural grounds (Cairnes, 1924 ) . I t was d e posited upon a surface of moderate 
relief developed on L ower Cretac eous sedimentary and exposed p luton i c 
rocks, prior to the p e n e planation of the district in Pliocene tim e . Available 
e vidence permits no more accurate datin g than Tertiary(?) . 

Vol c ani c r ock of uncertain a ge outcropping southeast of Tr easure 
Mountain is of unc e r tain age and is mapped as unit 23? It wa s be li eve d to be 
post - Eocene by Cairnes ( 1944), but its eastward extension in Princeton map
ar ea was co rr e late d with the late L ower Cretaceous Kingsval e Group (unit 18 ) 
by Rice (1947). Ac co rding toW. E. Snow (lett e r to C. E. Cairnes, 1942 ) 
unit 23? consists of li ght grey to white rhyolitic to da c i t i c flows and pyro
clastic rocks. T h e fl ows are porphyritic with quartz , plag i ocla s e and l ocally 
orthoclas e phenocrysts in a fine-grained t o glassy matrix, whi c h, where 
crystalline, appears to be mad e up of th e same m .ine rals as the phenocrysts . 
Fer romagn e sian minerals pr ob ably make up l e ss than 2 per cent of the whole 
and ar e lar ge ly alte r ed to chl o rite . B reccias comp ris e at l e ast half th e s ec 
ti on and consist of a m atrix simil ar to the flows, containing clasts of e ither 
porphyritic m ater ial similar to the flows, o r sandstone of the Pasayten Group 
or argillites and tuffs of the D ewdn ey Creek G r oup. Th ese rocks l ie uncon
formably on sandstone of the Pasayten G r oup. 

Rock of the same body in Princeton map - area is buff co l oure d vol
canic br e ccia that differs from the breccia in the type -area of the Kingsval e 
Group only in its conte nt of quartz phenocrysts . Th e refor e R i ce (1947) co rr
elated th e s e rocks w ith the Kingsval e Group . 

A T e rtiary age for these vol can i c rock s is cons idere d to b e like l y on 
structural grounds. Unit 23? lies unconformably on the late Lower 
Cretaceous Pasayten G r oup and appa rently overlies the Chuwanten Fault . 
Farther southeast this fault invol ves rocks rangin g in age from Lower 
Jurassi c to late Lower Cretaceous and is probabl y a mid - Cr e taceous to e arly 
Late Cretaceous structure (Coate s, in press) . Ther efo r e th e s e ro ck s are 
probably younge r than the Kingsval e G roup. Lithol og icall y they ar e similar 
to some r ocks in th e Coquihalla Group , although according t o Snow (l etter to 
C . E . Cairnes, 1942 ) these rocks are denser than thos e of the Coquihalla 
Group. 
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PLEISTOCENE AND RECENT DEPOSITS 

Pleistocene and Recent deposits (unit 25) are unconsolidat ed gravels, 
clays and sands of glacial, glaciofluvial and fluvial origin to gether with talus 
accumulations. These deposits ar e confined mainly to valley bottoms, 
although a mantle of drift covers the lower slopes of many mountains. The 
only detailed study of these beds made in the area is by Arm strong ( 1960) who 
mapped the surficial geology in the southwestern part of the map - area . 
Regional Pleistocene stratigraphy is described by Armstrong~ al. (1965). 

In the past these deposits were of considerable economic import 
ance. Much placer gold was recovered from gravel bars in the Fraser Rive r 
in the 1850s and 186 0s and these gravels have b ee n exploited intermittently 
since then. Today numerous small g ravel pits in the area are worked for fil l. 

A considerable thickness of these unconsolidated rocks has accum 
ulated in some valley bottoms. A well drilled for oil in the Fras e r Vall e y 
just east of the Chilliwack cloverleaf on Highway 401 reached a depth of 1, 800 
feet in unconsolidated material (S. Cosburn, pers. comm . ). At Boston Bar 
the bedrock is hundreds o f feet below the present floor of the Fras e r Valley 
(Armstrong and Fulton, 1965). 

Where unit 25 is best developed , in the Fras e r Lowland n e ar 
Chilliwack, Armstrong (1960) mapped beds laid down during two n onglacial 
episodes separated by a glacial period. O ldest rocks are gravels and sand 
believed to be channel and flood plain deposits deposited after the retreat of 
the Cordilleran ice sheet, which existed more than 12,000 years and less than 
25,000 years ago in the area. Above this is sandy till, laid down b y the 
Sumas ice sheet, wh i ch was apparently a valley glacier that originated in the 
Cascade Mountains about 11,000 y e ars ago. This is fo llowed by glaciofluvial 
gravel and sand. The youngest deposits are still being formed and consist of 
sand and silt flood plain d e posits, clay and peat swamp deposits, grave l and 
sand stream deposits and fan grave l and sand formed by slope wash. 

All of these rocks are nonmarine, with the possible exception of 
some rocks below the Sumas till. Marine fossils found in Pl e istocene rocks 
near Harrison M ill s (Crickmay, 1930b, 1962) occur below the Sumas till, and 
make the farthest inland occurr ence of marine Pleistocene in British 
Columbia, according to Crickmay (1962). 

ROCKS OF UNKNOWN AGE 

Rocks of unknown age form three groups on the basis of litho l ogica l 
affinities. These g roups are (a) s erpentini te and other ultramafi c rocks, (b) 
schist and amphibolite, and (c) gneiss . Includ ed in each group are ro cks 
whose ages may range from pre-Middle Devonian to latest Cretaceous, 
although most rocks in each group are possibly of similar age. 

Ultramafic Rocks 

Map - unit A comprises serpentinite, serpentinized peridotite, minor 
hornblendite, pyroxenite and dunite, and locally associated gabbro, diorite 
and altered vo lcanic rocks. D eposits of nickel - copper and go ld in map- unit 
A make it the most economicall y important unit in the map-ar e a. 
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Rocks of unit A form two belts, one on each side of the granitic and 
gneissic core of the Cascade Mountains, and a few smaller bodies. The east
ern belt follows the probable trace of the Hozameen Fault and extends for 
about 40 miles from a point 16 miles southeast of Hope to Boston Bar. Small 
ultramafic bodies north-northwest and to beyond Lilooet mark the belt's 
continuation. This belt was called the Coquihalla Serpentine Belt by Cairnes 
(1930) and as mapped by him consists of serpentinite, serpentinized perido 
tite, gabbroic and dioritic rocks and locally included volcanic r ocks belong
ing to the Hozame<?n Group. The western belt extends from Slesse Mountain, 
20 miles southeast of Chilliwack, alm.ost due north for over 30 miles to the 
vicinity of The Old Settler. It is less well-defined than the eastern belt, and 
composed of mainly small bodies of pyroxenite, peridotite, hornblendite, 
dunite and gabbroic rock aligned along a roughly north - south trending fault 
zone, that swings abruptly northwest near The Old Settler. Ultramafic rocks 
not in these belts are: (1) small bodies of serpentine along the fault between 
metamorphic and sedimentary rocks at Vedder Crossing; (2) a pyroxenite
peridotite - hornblendite body 7 miles northwest of Hope that is on strike w ith 
the rocks at The Old Settler; (3) a small hornblendite body 5 miles north of 
this; (4) partly altered peridotite (the Skagit Harzburgite of Daly, 1912) in 
gn eiss i c rock composing unit C; and (5) small ultramafic bodies i volcanic 
rock o f the Hozameen Group. 

Lithology 

Serper.~ine (Aa) is the most abundant u.ltramafi c rock-type, and is 
predominantly in the easte rn belt. In many places it shows all transitions to 
partly serpentinized peridotite from which it is not distinguished on the map 
(Cairnes, l930r Osborne, 1966 ). The serpentinite and serpentinized p er ido
tite are dark g re en to black, massive to hi ghly fractured with shiny fracture 
surfaces and locally contain lustrous pale green patches of bastite psuedo
morphous after enstat ite . Discontinuous veins of chrysotile asbestos are 
sparsely distributed throughout the rock. All gradations ex ist from anaggre 
gate of bladed low-bir efringent serpentine containing a mesh of magnetite 
grains and no primary silicate minerals, to a rock composed of anhedral 
olivine and subhedral to euh edr ··l enstatite grains with minor serpentinization 
along fractures. Magnetite and chromite are present in most serpentinite. 
Alteration of serpentinite is of three main types; talc, r ed -weathering 
ca rbonate-quart z -mariposite rock, and talc-carbonate rock. Secondary free 
gold associated with sulphides in shear zones in the talc has been of consider 
able economic importance. 

Intimately associated w ith serpentinite in the eastern belt are altered 
basic volcanic rock or greenstone and local pyroclastic rock that belong to 
the Hozameen Group, and gabbro and diorite of uncertain age. On th e map, 
all of these are includ ed in the broad belt shown as unit Aa northeast of Hope. 
Thus the total amount of serpentinite in this belt appears to be greater than 
it is, but to differentiate all rock types present would require detai l ed mapp 
ing. The gabb roi c and dioritic rock almost indistinguishable in the field from 
the greenstone, intrudes the greenston e and forms dyke-like bodies in the 
serpentinite. It consists of varying proportions of altered plagioclase felds 
par (albite-oligoclase), diallage, hornblende (in part replacing pyroxene), 
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ilmenite (in part altered to leucoxene) and magnetite. Alteration products of 
these rocks, saussurite, epidote, chlorite and calcite, are very similar to 
those of greenstone of the Hozameen G roup. 

Pyroxenite (Ab) generally grades into hornblendite and peridotite. 
It forms the major part of several relatively small bodies in the western belt 
and the stock-like body 7 miles northwest of Hope (Cairnes, 1944; Aho, 1956; 
Orr, 1967). It is a grey- green to black rock compo sed of orthopyroxene 
(bronzite), subordinate augite and minor hornblende and olivine. Feldspar is 
absent. The hornblende is generally an alteration product of au g ite, and may 
replace all silicates in the pyroxenite so that the rock becomes a hornblendite. 
The body northwest of Hope consists largely of pyroxenite with cores of peri
dotite and patches of hornblendic pyroxenite with a hornblendite margin. 
Pentlandite and chalcopyrite are subordinate to pyrrhotite in this body and are 
of considerabl e e conomic importance. 

Hornblendite (Ac) forms several small dykes or sill-lik e bodies in 
fo liated amphibolite and diorite on Mount Urquhart, on the ridge north of 
Clear Creek, and on The Old S e ttler. Very small bodies of similar compo 
sition occur in amphibolites northeast of Mount Pierce, on both sid e s of the 
Chilliwack River and in quartzites on the east side of Slesse Mountain. Other 
occurrences of h ornblend ite are generally m~rginal alteration phases of 
pyroxenite bodi e s. 

Structure 

Most ultramafic rocks in the map - area are spatially related to 
major faults. Ultramafic bodie s comprising the western belt occur along a 
north-south-trending fault zone, whose existence is shown both by myloniti
zation and juxtaposition of rocks of different metamorphic facies . Serpentin 
ite forms small bodies along the fault separating metamorphic ro cks from 
sedim entary rocks n ear Vedder Crossing. Th e relationship between serpen 
tinite of the easte rn b e lt and a fault is more tenuous. S outheast of the broad 
serpentinite belt northeast of Hope is the Hozameen Fault that separates low 
greenschist facies upp e r Paleozoic ro cks of th e Hozameen Group from 
unmetamorphosed Mesozoic rocks. North of Boston Bar a fault s e parates 
schists from Mesozoic rocks. Th e fault between is assumed from the exist 
ence of these faults, from th e relative straightness of the contact between the 
Hozameen Group and Mesozo i c rocks, and from the presence of serpentinite 
along this contact. Just south and northwest of Boston Bar th e serpentinite 
diverges from the contact between upper Paleozo ic and Jurassic rocks and 
lies within th e upper Paleozo ic rocks. 

In the eastern serpentine belt the ultramafic rocks seemingly both 
cut and are cut by g r eens tone of the Hozameen Group, gen erally with a zone 
of shearing along contacts. Elsewhere the ultramafic rock appears to be 
intrusive. Small hornblendite bodies have concordant r e lationships with 
foliation in amphibolite and diorite on Mount Urquhart and The Old S e ttler. 
The stock-like mass 7 miles northwest of Hop e cuts metamorphic rock and 
partly cuts and grade s into Cretaceous diorite or quartz diorite (Aho, 1956). 
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Age and correlation 

The age of these rocks is n ot k nown. Th e bodies r e lated to th e 
major faults were probably emplaced in mid-Cretaceous time, the most 
probable date of th e faulti n g. Their ultimate age and origin is f ar m ore 
problematical. Misch ( 1966, p. 133) has inte rpr eted ultramafic ro cks along 
majo r faults on the west side of the Cascade Mounta ins in north e rn Washington 
as b e in g probably derived from the mantle. On th e oth e r hand, ultramaf i c 
r ock is intimately associated with g r eenstone in the eas tern b e lt , a relation 
ship common in upp er Pal eozoic r ocks of the Weste rn Co rdill e ra (Roddi ck, 
et al. 1967) and in s imilar tecton i c settin gs e ls ewhere in th e wo rld. F ollow 
ingChallis ( 1965), these ultramafic r ock s may b e diffe rentiates in de e p 
seated magma chambers from th e prima r y basic magma that gave rise to the 
upper Paleozoic green sto n es and thus be originally of upper Paleozoic age. 
Subsequently, th ese rocks were serpentinized and intruded col d a l o n g f ault 
zones. 

Other bodies may be Cretaceous in age. The b o dy 7 miles n orthwe st 
of Hope appears to be contemporaneous with partly enc l os ing diorite or quartz 
diorite (Aho, 1956) . Quartz diorite of apparently th e same pluton near Hope 
has been date d at 10 2 to 7 6 million years, or Late Cretaceous (McTagga r t and 
Thompson, 1967; T. Richa r ds, p e rs. comm. ). 

Metasedime ntary and Metavolcan i c Rocks 

Unit B includes pe l itic schis t, ph yllite and a mphib o lite near 
graniti c plutons northwest of Boston Bar, west and n orth west of Mount 
Urquhart and nor thwest of Hope. Als o referred to this unit are d ioritic and 
amphibolitic ro cks exposed n ea r Vedder Crossin g and in th e eastern part of 
Chilliwack Valley. These rocks probably r esult mainly from Mesozo i c m e ta
morphism of upp er Pal eozoic s e dimenta ry and volcanic rock, a lthough some 
of the parent rock may be of lowe r Pal eoz oi c or Meso zo ic ag e . 

l. Rocks northwest of Boston Bar (unit Ba) 

Rocks n orthwest of Boston Bar (unit Ba) ar e mainly dark grey, thinly 
laminated micaceou s and graph iti c phyllites , with ir regula r, f in e l y c r ystall
ine quartzit e l ayers o riented parallel to th e phyllitic laminati o n s . On Kookipi 
Creek th e common rock is thinl y b e dd e d (?)micaceous quartzite, although 
biot ite - quartz s chist w ith l ocal garnet, g ranulit e and m us covite -quartz s chist 
predominate in places (Roddi ck and Hutchison, 1969). 

The s e rocks are intruded by Tertiary g raniti c rocks. The con t act 
b e t we en g ranodio rite and schistose and phyllitic rocks in Kookipi Creek can 
b e l ocated to w ithin a f ew f eet . Apart from a coarsening of gra ins in the 
metased imen t ary r ocks, the r e is littl e conta ct metamorphism. Cutting th e s e 
rocks are small serpentinite and talcose bodie s ali gn e d in a n orth wester l y 
direction. Thes e probabl y represent th e co n tinuation of th e serpentinite belt 
that is l ocated s outh of Bo ston Bar . T o the ea st the m e tamorphic r ocks are 
in probable fault conta ct w ith laminated slate s of the Ladne r Group. 

The age of these rocks is unknown, but lithologicall y th ey have mor e 
in common w ith Mesozoic th an Paleozo i c r ocks in th e northwest of th e 
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map-area . The Jurassic Ladner Group in this part of the map-area consists 
of uniformly laminated phyllite, whereas the upper Paleozoic Hozam een 
Group exposed 5 miles to the southeast comprises volcanic rock, chert and 
argillite (Osborne, 1966). The r e lative homogeneity of unit Ba and the 
absence of metavolcanic rocks indicates that these rocks are probably 
Mesozoic rather than Paleozoic. This conclusion agrees with that of Duffell 
and McTaggart (1952) who studied the continuation of these rocks to the north
west in Ashcroft map-ar ea . 

2. Rocks west and northwest of Mount Urquhart (units Bb and Be) 

About 8 miles northwest of Mount Urquhart is fine--grained, dark 
grey, biotite-quartz schist that lo cally contains garnet, sillimanite and 
staurolite, and is interlayered with li ght coloured quartz-feldspar schist. 
Near the eastern contact with gneissic rocks amphibolite and granitoid layers 
are common (Roddick and Hutchison, 1969). 

Just southwest of Mount Urquhart, th e prevailing rock type is dark 
grey, fine g rained, garnet-biotite -quartz schist (unit Bb). Sillimanite, some 
of wh ich is pseudomorphous- after kyanite, is irregularly distribute d through 
this rock. A few beds of metaconglomerate e nclosed in the schist consist of 
angular fragments of granite, gneiss, quartz-feldspar and pelite in a matrix 
of fine-grained g reywacke . The matrix appears to be littl e metamorphosed 
in hand specimen yet contains randomly oriented sillimanite megacrysts. 

Unit Be is the migmatitic equival e nt of unit Bb. Fine-grained 
biotite-quartz schist, commonly with garnet and locally with sillimanite, con 
tains numerous concordant layers of granitoid gneiss 2 to 6 inches thick. The 
gneiss is of biotite granodiorite composition and commonly grades into peg
matite. It forms 30 to 70 per cent of the rock. 

The narrow screen crossing Scuzzy Creek on the west side of Scuz zy 
Pluton is schist and gne iss, tentatively correlated with unit Bb. 

Northwest of Mount Urquhart these schists form the flanks of a 
broad, northwe st-trending, doubly plunging anticline or e longate dome, with 
gneiss (unit 6) exposed in the core. Where seen, the contacts with gneiss are 
sharp and concordant. To the east the schists are in contact with quartz 
diorite of Late Cretaceous age (unit 19) and mid-Tertiary(?) granodiorite 
(unit 24). The contact with the quartz diorite is marked by a zone of lit-par
.!i!_ migmatite about 100 yards wide . By contrast, that w ith the granodiorite 
is fairly sharp, with a transition zone only 5 to 25 feet wide containing abund
ant pegmatitic and aplitic material. To the southeast these rocks are sepa
rated by a narrow tongue of quartz diorite from lithologically similar rocks 
northwest of Hope. Southwards they seemingly grade into the complex of 
amphibolite, m e tachert, minor limestone pods and ultramafic rocks thatform 
The Old Settler (B . Lowes, pers. comm. ). The latter rocks have some 
characteristics in common with rocks of unit Bd, described below . 

The age and history of these rocks and of the lithologically similar 
rocks northwest of Hope is considered b e low. 



- 33 

3. Rocks northwest of Hope (unit Bb) 

Pelitic schist underlies 95 per cent of the outcrop area of meta
morphic rocks northwest of Hope; the remainder is underlain by amphibolite 
(Read, 1960). The pelitic schists typ ically are dark grey and consist of a 
matr ix of quartz, plagioclas e (An35 -An38 ), oriented biotite, and sericite and 
graphite containin g porphyroblasts of garnet, staurolite, muscovite and 
locally kyanite that makes up 20 to 30 per cent of the rock. Stringers and 
lenses of quartz cut the matr ix but not the porphyroblasts. Amphibolites 
assoc iated with these rocks are light grey, ve ry fine grained rocks, w i th 
hornble nd e and garnet porphyroblasts in a matrix of plagioclase (An35 ) , 
minor epidote and biotite. Quartz stringers cut the matrix. Thin scapolite
diopside layers probably repres ent limy beds. Rare breccias containing 
laminated sedimentary fragments appear little deformed though of hi gh meta
morphi c grade (Mc Taggart a nd Thompson, 1967). 

Peliti c schists of highe r metamo rphi c grade occur only in the 
re-entrant in the intrusive contact 6 miles northwest of Hope whe r e silliman
ite is commonly developed and staurolite appears unstable. These rocks are 
pale grey, coarser grained than the pelitic schist described above and con
sist of porphyroblasts of kyanite, sill imanite, muscovite and garnet making 
up to 10 per cent of the rock, in a matr ix of quartz, plagioclase (An3 7 ) and 
poorly oriented biotite. 

Some metamorphic minerals are developed only near intrusions. 
Pseudomorphs after andalusite composed of staurolite , qua rt z and muscovite 
in pelitic schist occur near the contact with the ultramafic body 7 miles north
west of Hope. Chlor ite and muscovite porphyroblasts are near the contact 
with the quartz diorite. 

The grade of metamorphism increases towards the west but appears 
to reflect regional metamorphism prior to emplaceme nt of the quartz diorite, 
rather than any type of contact metamorphism (Read, 1960). The isograd 
between staurolite and s illimanite-bearing rocks does not parallel the contact 
with quartz diorite of the Spuzzum Pluto n. The only effects of the intrusion 
are a slight coarsenin g of grain size and the formation of muscovite and 
chlorite porphyrobl asts n ear the contact . 

These rocks have been subjected to repeated fo l ding apparently in a 
nearly cons tant direction. Foliation and bedding are paralle l and disposed in 
open or recumbent and overturned folds that plunge northwesterl y . On the 
west and north side the metamorphic rocks are intruded by Cretaceous quart z 
diorite, and on the east are in fault contact with Eocene conglomerate. 

On the basis of composition these rocks appear to be derived l argely 
from the upper Paleozoic Hozameen Group. Possibly they come in part from 
Mesozoic rocks as well, as granitic detritus known from one locality i s rare 
in any pre - Cretaceous rocks in the region. 

The age of metamorphi sm of these rocks is Mesozoic. The parent 
rocks appear to be largely upper Paleozoic but may be in part Mesozoic, and 
the metamorphic d e rivatives of these are in normal fault contact with unmeta 
morphosed Eocen e rocks . McTaggart and Thompson (1967) s u gges t ed that 
metamorphi sm was con temporaneous with the formation of Late Cretaceous 
quartz dior i te. Structures in the quartz diorite near Spuzzum and in inclu
sions and conti guous metamorphic rocks ar e concordant, and the quart z dio
rite may have been derived by fusion or metasomatism from the country 
rocks during metamorphism . H owever the Late Cr e taceous radiometric ages 
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(76, 80 and 102 million years) obtained from the quartz diorite (McTaggart 
and Thompson, 1967: T. Richards, pers. comm.) can only be regarded as 
minimu111 ages as there was considerable mid- Tertiary thermal activity in 
the region. 

4. Older (?)metamorphic rocks (unit Bd) 

Metamorphic rocks (unit Bd) forming narrow fault slices in the 
southwestern part of the map-area, differ considerably from those above and 
may be part of a pre -upper Paleozoic basement complex. Near Vedder 
Crossing unit Bd is an assemblage of metamorphic and i gn eous rock com 
posed of hornblendite, amphibolite, epidote amphibolite, garnet -mica, and 
garn et-sphene schist, foliated quartz diorite, diorite and pegmatite 
(McMillan , 1966) . Farther east a group of rocks with a wide variety of tex
tures and compositions but invariably containing abundant amphibolite is 
imbricated with Paleozoic rocks (unit 2) in a north-northeast trending belt 
running f rom the International Boundary at the south end of Sles se Creek as 
far north as The Old Settler. At the southern end of the belt are well-foliated 
rocks containing muscovite aligned parallel to the early foliation in an 
optically irresolvable fine-grained groundmas~ with actinolite and biotite 
partly mimetic after the foliation . On Slesse and Pierce mountains coarse 
to fine-grained amphibolites and diorites that are locally well- foliated out
crop . Rocks composed largely of amphiboles grade into rocks with only 50 
per cent amphibole. The latter consist of hornblende interlayered with epi 
dote and sphene, or with plagioclase (~An40 ) . These rocks contain serpen
tinite lenses concordant with the foliation and are interlayered w ith contorted , 
layered, fine-grained quartzite. This assemblage is very similar to that 
exposed on The Old Settler, 32 miles due north. Mainly fine-grained unfo
liated massive amphibolites composed of fine-grained epidote, small horn
blende crystals, chlorite, rare primary (?) feldspar phenocrysts showing all 
stages of alterat ion to epidote, pyrite, pyrrhotite and partly altered skeletal 
ilmenite outcrop north of the Chilliwack River. Relict textures defined by 
epidote gra ins are similar to those of the upper Paleozoic gr eenstone (un it 
2e). These rocks are cut in places by dyke-like bodies of coarse - grained 
amphibolite. 

All of these rocks are associated w ith major faults . The igneous
metamorphic assemblage on Vedder Mountain is bounded o n the east by a 
steeply dipping fault bringing it into contact w ith possible Lower Cretaceous 
greywackes and conglomerates. A fault buried by alluvium is probably pres
ent on the west side as well, as just west of the map-area small bodies of 
rock similar to the Chilliwack Group (unit 2) are in apparent fault contact 
with the Vedder i gneous -metamorphic assemblage (McMillan, 1966). The 
belt of imbricated metamorphic rocks that crosses the eastern end o£ the 
Chilliwack Valley appears to mark a majo r break as it overlies littl e 
metamorphosed Paleozoic and Mesozoic rocks to the west . The western con
tact, which is well-exposed on the ridge north of Slesse Mountain, is sharp 
and dips eastward at about 70 degre e s. East of the imbricated belt are fine
grained amphibolite, slate and quartzite that are tentatively included in the 
Chilliwack Group. Amphibolitic rocks just south of the International Boundary 
near Slesse Creek, identical to those just to the north, are mapped by Misch 
( 1966) as tectonic slices locate d immediately west of the root zone of his 
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Shuksan Thrust. Misch (pers. comm.) b e lieves that amphibolit e s north of 
Chilliwack R i ve r do n ot delineate th e m ain Shuksan Thrust but are imbricate 
slices located b e l ow the sole of the main fault. This interpretation is com
patible with the pr e s e nc e e ast of th e fault of rocks probably b e l onging to th e 

Chilliwack Group. 
The s e r ock s may range in age f r om early to late Paleozoic. Rocks 

o n Vedder Mountain and those at the south e nd of Sles s e Cree k and n ear 
Mount P ierce ar e lithologically id entical to pre-Middle Devonian ro ck s in the 
San Jua n Islands (P. Misch and W . R . Danner, pers. comm. ). Suc h rocks 
have been called th e Yellow Ast e r Complex in n o rthe rn Washington and K-Ar 
date s indicate th e y are of Ordovician age (M is ch, 19 66 , and pers. comm . ). 
However, re li ct textu res in fine- g ra ined amphibolite north of Chilliwack 

River are ve ry similar to those in late Paleozoic g r een stones of the area , and 
som e of the amphibolitic rocks could be metamorphosed equ i val e nts. 

G n eis s 

G n ei ss con~po sing unit C forms a discontinuous b e lt extending fr om 
the International B oun da r y as far north as Stout , in the Fraser Canyon, and 
u n derl ies an extensive area n ea r Mount Br e ak enridg e in th e n or thw estern 
part of the map-ar e a. In part the gn e iss is possibly th e migmatitic equ iva 
l e nt of schist of u ni t B, but in part it may b e o lder . 

1. Gneiss betwe e n the Interna ti o n a l Boundary and S tout 

G n e iss composed of va ria ble amounts of p la gioc lase, quartz, horn
ble nd e a nd biotite predominates south of Hope . This rock wa s c all ed th e 
Custer granite gn eiss by Daly ( 19 12) and subs e qu e ntly has b een describe d in 
som e detai l by McTaggart and Thompson (19 6 7 ). 

T h e gn eiss consists of li ght l ayers rich in plagioclas e (An3 0 -An40 ) 
alte rnacing w ith dark l aye rs rich in biotite and/or h o rnbl e n de . The laye rs 
ar e parall e l and vary in thickness from fractions of an inch to several feet . 
The gn eiss is commonl y migmatitic w ith chara cter isti c plagioclase porphyro
blasts e ither scattered through th e rock or coal esced into irr egular l ayers up 
to 6 inches thick. The porphy roblasts are generall y antipe rthitic, with pla g i
oclas e (Anz3) conta in ing patches of K - fe l d spar. L ocall y, mass ive pla gio 
clas e p egmatite a nd coa rs e - to m e dium- gra ine d trondhj emite und e rli e areas 
up to 1/3 m ile across and fo l iat e d g rey dykes and sills occur in many places . 
D a r k rocks consistin g of diopside -pla g ioclas e , diopside- hornblende 
p lagioclase and h or nbl e n de - garne t-biotite-pla g ioclase alt e rnatin g with whit e 
fe l dspathic l ayers , make up about 10 per cent of th e unit. Feldspars in these 
rocks range in composition from Anz6 to An7o· Minor components of the 
uni t a r e hype rsthene -plagioclas e - biotite gn eiss, rather fin e gra ine d staurol it e 
kyanite - ga rn e t s chist, anthophyllit e -ta l c schist , mylonite, quartzit e which is 
locally clearl y de rived from ribbon che rt, marble, a nd skarn. 

B e tween H op e and Stout th e gn e iss is quite diff erent in a ppearance, 
b e ing chalky white and closely jointed, faulted and myl onitized so that the 
r ock is rather friable. 

Minor struc tu res ar e n orth-no rthwe ster l y t r ending corru gations and 
small fo l ds . Axial p lanes of th e s e fo lds mostl y parallel the f oliation but in 
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places ar e fold e d into open folds. P e rvasive she aring with the development 
of auge n and mylonitization is common . North of Hope a broad major anti
form is superimposed on th e minor folds, but elsewhere there are n o obvious 
major structures in the unit. 

The west side of the gn e iss is in fault contact with schists of unit B 
in Fraser Canyon. Farther south it is unconformably overlain by E ocen e 
sedimentary and vol cani c ro ck s and intruded by T e rtiary granitic rocks. On 
the east, in Fraser Canyon, it grades throu gh a compl ex of nume rous small 
graniti c bodies (Yale intrusions, in unit 20 ) into the Hozam een Group. To the 
south, along Silverhope Creek, gneissic rocks ar e separat e d by a zone of 
highly deformed and sheared schistos e rocks a few hundred f ee t wide from 
ro cks of th e uppermost division of the Hozam een Group . 

2. Gneiss n ear Mount Breakenrid ge 

Gneiss in th e northwe stern part of the map - area, n ea r Mount 
Breakenridge and Cairn Needle was mapped by Roddick and Hutchison ( 1969) . 
It is more homo gen eous than that to the south and is mainl y light coloured 
granitoid gneiss consisting of variable amounts o f plagioclase, quartz , biotite 
and muscovite, and includes zones of regularly l ayered gn ei ss in which 
quartzofeldspathic layers alternate w ith amphibolit e laye rs. It lacks the por
phyroblasti c feldspars character isti c of gn e iss to the south. About 10 per 
cent of the unit consists of biotite - quartz schist l ocall y containing gar n et, 
kyanite and staurolite. Other common comp o n ents are cross cuttin g and con 
formable pegmatite ve ins, zon es of amphibolitic inclusions and rar e agma 
tite. 

A very well foliated gn e is s i c g r anodiorite or q uart z diorit e , expos e d 
in th e core of th e doubly plunging anticline or dome 8 m iles eas t - southeast of 
Mount Breakenr id ge is probably equivalent . In it are layers of amphibolite 
and a zon e of irregularly layered gne is s w ith bands of garnet -bi otit e schist. 

Near Mount Breakenridge and Cairn Nee dle, foliation in the gn e iss 
has a dominant northwest trend and generall y dips 3 5 to 70 degrees to the 
northeast. Lar ge folds with ampli tudes a nd wave l e n gths up to 2 mi l e s plunge 
at about 40 d egree s in a northwe sterly direction. 

South of Mount Breakenridge the gneiss is in possib l e fault contact 
with g r eenstone s, fine-grained amphiboli tes and pelites . The contact can b e 
located to w ithin lOO feet and appears to d ip steeply to the.northeast. This 
contact is probably a major fau lt, and may b e the norther l y ext e nsion of the 
fault zon e running from th e International Boundary near Slesse Creek to The 
Old Settler. In the anticlinal or domal area th e gn e iss is overlain by schist 
and migmatitic schist (units Bb and Be). This contact is apparently sharp 
and concordant. 

The only other gneiss ic rock in th e ar ea is a small body of chlorit i zed 
quart z diorite gneiss (unit C ? ) expos e d on the e ast side of th e Fras e r River 
near the northern mar g in of the map-are a. It is possibly a fault slice in con
tact with phyllite of unit Bb. 

The gne iss is probably in part M e s ozoic and may in part b e o ld e r. 
Between Stout and the Inte rnational Boundary it is possibly post - late 
Paleozoic and pr e - mid - Cretaceous. It appears to have been derived by m e ta
morphism and m e tasomatism from th e Hozam een Group (McTaggart and 
Thompson, 1967). Similarly Misch (1966) believed that the southern 
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extension of the gneiss in northern Washington, where it is called the Skagit 
Gneiss, could well have originated from upper Paleozoic strata. A minimum 
age for the gneiss in this part of the map-area is probably pre-mid
Cretaceous as the southern extension is cut and mylonitized by mid
Cretaceous faults, but it can only be dated in the map-area as pre-Eocene. 

Gneiss in the Mount Br eakenridge area may well be older as it 
u n derlies schists of unit Be and Bd with sharp, concordant contacts . The 
schists were probabl y forme d in Mesozoic time. 

The age of the sch ist and gneiss is one of the major probl ems in the 
map - area a n d i s d i scussed fur ther under "Structural Geol ogy" . 

GRANITIC ROCKS 

An attempt has been made to subdivide granitic rocks in the map 
area accord ing to the time of their emplacement. They appear to have been 
intruded during three main periods: in Late Jurassic-earliest Cretaceous 
time (unit 13), in Late Cretaceous time (unit 19), and in mid- Tertiar y time 
(unit 24). The composition and internal and external characteristics of rocks 
within each of these subdivisions are similar but differ somewhat Lom those 
of rocks in the other subdivisions (see Table Ill). 

Varying d egrees of confidence can be placed in the ages of the sub
divisions. The structural and stratigraphic evidence of age for units 13 and 
24 agrees reasonably well w ith the radiometric ages for these units. Unit 19 
relics lar gely on radiomE.tric data for evidence of age. These data, in an 
area such as this with a long history of thermal activity and deformation, can 
only be regarded as g iving a minimum age . That is, they record the time of 
cooling below a certain temperature, rather than the time of emplacement . 
Ther efo r e unit 19 may well be o lder than Late Cretaceous. The age ofunit20, 
dependent as it is on unit 19 for dating, likewise is doubtful. 

Upper Jurassic and(?) Lower Cretaceous Granitic Rock 

The Upper Jurassic and(?) Lower Cretaceous Eagle Granodiorite 
(unit 13) forms a large pluton in the northeast part of the map - area. This 
unit consists largely of moderately coa rs e grained equigranular granodiorite 
characterized by a variably developed foliation that trends roughly parallel to 
the margins of the pluton, which itself parallels the regional structural trend. 
The name was given by Camsell (1913) to rocks exposed on Eagle Creek(now 
Britton Creek), jus t east of the m iddle of the easternmarginofthemap- area. 
Although this unit is extensive, the only description of it from the tnap -area 
is by Cairnes (1924). 

Lithology 

The typical rock is grey and composed of plagioclase (oligoclase), 
quart z, orthoclase, and biotite, which commonl y but not always is more 
abundant than hornblend e . Locally muscovite is abundant, to the exclus ion of 
nearly all mafic minerals. Pegmatites are common in many places. A 
specimen exam ined by Cairnes (1924) consisted of 50 per cent oligoclase, 20 
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per ce nt or l ess quartz, 5 -10 per cent orth oclas e and about 20 per cent of 
g r een hornblende and br own biotite partly alt e red to e pid o t e and c hlorite . 

The fo.liation of th e s e r ocks may take various forms. Some may be 
well - banded, with coarse r laye rs of felsic m inerals alternating wi th darker 
layers of fine - grained dark minerals. Oth ers are mo r e uniformly gn eis sic , 
with or i e n ted tnine rals and n o s egregation. Still othe rs are massive. 

A bord e r phase, forming th e weste rn mar g in of the pluton n e ar 
Coquihall a R iver was called t h e Ea gle diorite by Ca i rnes (1924). It is a dark 
g r een , commonl y fol iat e d or gn ei ssi c rock , composed of 50 to 6 0 per cent 
pla g ioclase (sodic andesine), and 25 p e r c e nt hornblende, and 5 to 15 p e r cent 
quart z . Epidot e and chl o rite a r e common alte ration p roducts . The dio ri te 

appears to gra de into th e Ea gl e G ranodio rite to th e east, the transition zon e 
b etween th e two formations being about 100 feet w ide. 

External relationships 

The Eagl e Granodiori te intrud e s the Nicola Group in th e n ortheast 
part of th e tnap - ar e a and is over lain b y the Kingsvale Group (C airne s, 1924\ 
Duff e ll and McTa gga rt , 19 52 ) . The wes tern contact is mainly a n assumed 
fault w ith Lower C r e tac eous r ocks o f the Jackass Mountain and Pasayten 
groups . Th e fault is the probable northweste rly continuation of the P asayt e n 
Fault of Coates ( in pr es s). One exception to th is is the marginal diorit e , 
which intrud e s the Pasayte n Group west of the fault, west o f Coquihalla 
Mountain. The Coquihalla Group non conformably over li e s th e Eag l e 
Gran odiorite and the b ounding fault. 

M o st r ock s in this unit appear to be Upper .Turassic and (?) L ower 
Cretac eous, but some may b e younge r. In the map-ar e a th e g ranodio rite can 
b e date d as p o st - Nicola Group (Upper Triassic) and pre-Kingsvale Group 
(late L ower Cretaceous). Assumin g that th e marginal diorite is n earl y th e 
sam e age as the Eagle G ranodiorite, its intrusive relationship w ith the Upper 
Cr e tac eous Pasayten Group sugge sts that th e pluton is of lates t Early 
Cr e tace ous a ge, or ea rli es t Late Cretaceous age, which is th e conclusi on 
reache d by Cairnes ( 1924) . Camsell ( 19 13) assign e d th e Eagle Gran odiorite 
to th e Juras sic as it is overlain e ast of the map - ar e a by Lowe r Cretaceous 
rocks a nd intrud e s Uppe r Triassic (Nicol a or Tulameen groups) rocks. 
Cam s e ll's age is justifi e d by a radiometric data (K - A) of 143 million years 
from near the type -ar e a of th e Eagl e G ranodior ite (Leech e t al., 1963). How 
e v e r, 30 mile s to the south-southeast the same bod y gave an -;ge of 98 .± 6 
million years, or e arly Late Cretaceou s (Wanless, ~al., 1967 ). No rth o f 
the map-area, whe r e th e continuation o f the Eagle Gran od ior it e is calle d the 
Mount L ytton Batholith, strati g raphic ev id e n ce shows that it was emplac e d 
b e t ween late Late Triassic and mid-Early Cretaceous time (Duffe ll and 
McTaggart, 1952). 
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Late Cretaceous or Older Granitic Rocks 

Map-unit 19 includes the Spuzzum Intrusions of McTaggart and 
Thomps on (196 7 ) to gether with smaller bodies of similar compositionandage, 
some of which h ave been correlated with this u n it by Roddick and Hutchison 
(1969) . 

Lithology 

Quartz d iorite or tonalite is the most abundant rock type in the 
Spu zzum Pluton and its probable continuation to the south, which crosses the 
Fraser River west of Hope. This is a strik in g black and white quartz dior ite, 
in which hor n blende is more abundant than biotite, generally massive or 
poorly foliated , although to the east near Fraser Canyon it is gneissic. 
H ornble nde and biotite make up 15 to 2 5 per cent of th e rock and quartz 3 to 
1 5 per cent. The remainder is mainly plagioclase (An28 to An48 ), with 
traces of K - feldspar and accessory minerals. In p laces diorite in which 
h ornbl e nd e approaches 50 per ce nt of th e rock is common and h ornbl e ndite 
occurs here and there. Aplite and pegmatite veins are abundant, particularly 
in Fraser Canyon, where the quart z diori t e is highly sheared. 

Smalle r plutons are of gen erall y similar composition. That south of 
The Nipple is a quart z diorite with a higher percentage of biotite and small 
garnets . The b ody on Mount Breakenridge is a biotit e quartz diorite contain 
ing up t o 10 pe r cent e l ongat e inclusions . Hornblende-biotite quartz diorite 
and di or ite east of the mouth of B i g Silver Creek presumably is part of the 
Spuzzum Pluton to th e east. Other small bodies shown as unit 19? are 
included because of lithological simil arities, but may be of Tertiary age. 

External relationships 

Unit 1 9 is mainly confined to the belt of medium to high grade meta 
morphic rocks (unit B) that forms the axis of the Cascade Mountains in the 
map-area. Outs ide of this zone it intrudes rocks of Lower and Middle 
Jurassic age. According to McTaggart and Thompson (1967) the Spuzzum 
quartz dior ite near Stout has a gradational and con formable contact w ith 
metamorphic rocks (unit C) . This c:mtact is such that the quartz diorite 
appears to h ave been formed either by fusion of the metamorphic rocks or 
else by metasomatism. Southwest of Hope , the quartz diorite is in fault con 
tact with Eocene rocks and i s intrud ed by Tertiary g ranite rocks (T . Richards, 
p ers. comm. ). 

Radiometri c data of 7 6, 80, and 102 million years on the main part 
of unit 19 and 84 m illion years on a small isol ated body, indicat e that the 
unit is of Late Cretaceous age. Field re l ationships permit no more accurate 
dating than pre-Eocene for the ma in part of the body, and post - Middle 
Jurassic, probabl y post-Lower C r etaceous for th e small body (McTaggart 
andThompson, 1 967 ; Coates.0_Wanless~al., 1967). Asmuchoftheuni t 
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occupies the core of the Cascade Mountains, an area of Cretaceous meta
morphism and deformation, its radiometric age may bear little relationship 
to its time of emplacement. 

In age, lithology, and relationships the Spuzzum Pluton and similar 
rocks resemble the Black Peak Batholith of Misch (1966) , which is about 35 
miles south of the southeast corner of the map-area, and has a minimum age 
of latest Cretaceous. 

Cretaceous or Tertiary Granitic Rocks 

The Yale Intrusions (unit 20) are sills and small composite bodies 
that occur in a north-south trending belt mainly on the west side of the Fraser 
River north of Hope . They are of variable composition , ranging from quartz 
di·orite to aplite granite, with granodiorite the most common variety, and are 
typically sheared. These rocks were described and named by McTaggart and 
Thompson ( 1967). 

Lithology 

A typical granodiorite in this group consists of 5 to 10 per cent 
orthoclase, 20 per cent quartz, 5 per cent biotite, with the remainder largely 
zoned plagioclase (A n2o-An30 ) . K - feldspar makes up to 50 per cent of the 
rock in some places. It may contain abundant inclusions of Spuz zum quartz 
diorite and Custer Gneiss. Other va rieties are fine-grained oligoclase por
phyry, aplite granite, hornblende g ranodiorite and tonalite. 

Evidence of shearing is common and ranges from mortar structure 
t o mylonite, although a few rocks are unsheared. Cataclasis of small tabula r 
intrusions has developed a planar structure that is parallel with the foliation 
or layering of the enclos in g country rocks and discordant to the margins of 
the body. Thus the pre-existing structural grain of the countr y rock appears 
to have controlled the planar structure in the intrusion . 

External relationships 

The Yale Intrusions cut the H ozameen Group, Custer Gneiss and 
Spuzzum quartz diorite. They are particularly abundant along the contact 
between the Custer Gneiss and the Ho zameen Group , wh e r e they are intense ly 
sheared . They are intrud ed by rocks of the Chilliwack Batholith. 

The age of the Yale Intrusions is probably latest Cretaceous or Early 
T ertia ry. They cut the Late Cretaceous (?) Spuzzum quartz diorite and are 
intruded by Oligocene or late Eocene rocks of the Chilliwack Batholith. Com 
parable rocks in the Cascade Mountains of northern Washington may be the 
Ruby Creek heterogeneous plutonic belt, believed by Misch (1966) to be poss 
ibly synchronous w ith the latest Cretaceous Black Peak Batholith . 
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Mid -Tertiary gran iti c r ocks 

Mid - Tertiary granitic rocks (unit 24) are the most extensive g ranitic 
rocks in the 1nap - area a n d form thr ee .l a r ge, discordant 1nasses, the 
Chilliwack,Scuzzy and Needl e Peak plutons. The litho log y of these plutons is 
variable, but the most common rock is granodiorite . In contrast to th e olde r 

rocks they are massive and unsheared. 

Lithology • 

The Chilliwack Batholith, named and described in som e detail by 
Daly in 1912, is a compos ite batholi.th, with at l east nine s e parate phases 
ranging from hypersthene tona lite to a l bite g ranite (T. Richards , pers . comm . ). 
Hornblende - biotit~ quartz diorite and hornblende -biotite gran odio ri te are the 
pr edomin ant phases. The average mode of th e cmnmonest variety is quartz 
19 per cent, K - fe 1dspar 4 per cent, zoned p l agioclase about 65 per cent , w ith 
inn e r zones as calcic as An6o and outer zone about An20• biotite 7 per cent , 
hornblende 4 per cent and accessory minerals 10 per cent (Mc Taggart and 
Thompson, 1967 ) . Re l ated to th e p l uton are gran ophyre dykes and p lugs . 
Just south of the Inte rnational Boundary, these grade into subvolcanic breccia 
dyk e s that resemble some phases of the Skagit Formation (unit 23). The 
Slesse Dior ite of Dal y (1912) seems to be merely a marginal phase of the 
quartz diorite of the Chilliwack Batholith (T . R i chards, pers. comm. ). 

The Scuzzy Pluton, named and described by Roddick and Hutchison 
(1969) consists l argely of massive granodiorite, with coarse - gra ined quartz 
and feldspar and much finer grain ed biotite. The mafi c mineral content is 
much lower than that of the cont iguous Spuzzum Pluton, and averages 5 per 
cent or less. The biotite g ranodiorit e at Hell s Gate on the F r aser River , 
described by Morris in 1955, is finer grained than the main part of theScu zzy 
Pluton but is b e lie ved to be related to it. A narrow zone of biotite-rich 
quartz diorite forms the weste rn margin of the Scu zzy P luton n ea r Big Silver 
Creek. 

The Needl e Peak Pluton was descr ib ed by Cairnes in 192 4 under 
"complex of Cretaceous batholithic rocks". The name, proposed by the pres
e nt writer, is taken from Needl e Peak in the ea·stern part of the body. The 
pluton consists of massive, coarse - grain ed granit e and granodior ite, with 
numerous wide l y spaced, n early vertical joints . Glacial e r os ion of this rock 
has pr oduced steep cliffs above cirques and sharp peaks, that contrast mark 
edly with the relative l y subdued topography of the area underlain by Eagl e 
Granodiorite . According to Cairnes (1924) the greater part of this pluton con 
sists of granite, but it grades into granodiorite . A pink variety consists of 
glassy quartz, prominent alkali feldspars, both sodic orthoclase and albite
oligoclase, hornblende and biotite . In contrast is a grey var i e ty with phe no
crystic plagioc lase (albi te - ol igoclase). 

All of these p lutons have sharp discordant contacts. Their massive 
natur e , common textural isotropy and wide l y spaced, well - deve l oped joints 
are characteristic and contrast markedl y with many of the g ranitic o lder 
rocks, which are commonl y fo liated . In addition, both Chilliwack and Needl e 
Peak plutons ar e in proxim ity to vo l canic rocks (units 22, 23) of apparently 
simil ar age, that may be the extrusive equival ents of some phase of the p lu
tonic rocks. 
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The age of emplacement of these bodies is mainly latest Eocene to 
Miocene . Structurally they can only be dated in part as post-Eocene as they 
intrud e Eocene conglomerates southwest of Hope . Potassium-argon dating 
shows that the oldest bodies (Hells Gate body, Needle Peak Pluton, and parts 
of the Chilliwack Batholith) are of Oligocene and late Eocene age, although 

one Paleocene age has been obtained from granodiorite 5 miles southeast of 
Hope (Baadsgaard~ al., 196 1 ; Wanless~~, 1967 and T. Richards, pers . 
comm. ) . Middle Miocene ages are known from the northwestern part of the 
Chilliwack Pluton, e ast and northeast of Mount Ch e am (Baadsgaard et al., 
1961; T. Richards, pers . comm. ) . South of the International Boundar~ 
Misch (1966) states that geological data p lace the main phase of theChilliwack 
Pluton in the late Eo cene or early Oligocene. 

STRUCTURAL GEOLOGY 

The Hope map-area is of regional significance as it contains the 
junction of the Coast and Cascade Mountain systems. The geology of these 
systems is somewhat different north and south of the map - area . In the map
area they merge, with a pro g r es sion from the typical Cascade system geology 
in the south, composed of a granit e , gneiss and schist core flanked by sedi
mentary and volcanic rocks, to the largely granitic and high-grade meta
morphic belt in the north that is characteristic of the geology of the Coast 
Mountains. As th ere is no marked break between the two it seems probable 
that this difference merely reflects the greater uplift and erosion to a d eeper 
l eve l of the Coast Mountains, rather than any fundamenta l difference. 

The basic structural pattern of the map-ar ea appears to have been 
establish ed in mid - Cretaceous to Early Tertiary time, when orogeny in both 
tectonic and geomorphic sens es took place (Fig. 3) . Pr e - mid - Cretaceous 
rocks •.vere strongly folded, thrust and reverse faulted and, at least locally, 
metamorphosed, migmatized and intruded by granitic rocks. Regional uplift 
t ook place at this tim e as well. All pre - mid-Cretaceous stratified rocks in 
the map - area are marine, with th e exception of the late st Lower Cretaceous 
Kingsvale Group (unit 18) and possibly the Pasayten Group (unit 17 ) exposed 
on the easte rn margin of the map-area, whereas all later rocks are non
marine . Following uplift there was an episode of normal and (?) strike - slip 
faulting in Early Tertiary time, that was concentrated along a north-south 
line pas3ing through Hope. Intrusion of abundant granitic rocks (un it 24) in 
Oli gocene - Miocene time apparently had little structural effect. 

There is little evidence that orogeny (i.e. tectonism and mountain 
budding) took place in the map - area between mid - D evonian (?) and mid 
Cretaceous time. Coarse clastic rocks of Permo-Pennsylvanian age and 
hiatuses between Lower Permian, Upper Triassic, Upper Jurassic and Lower 
Cretaceous rocks record c rusta! unres t presumably related to deep - seated 
tectonic processes. This stratigraphic evidence cannot be linked at pr esent 
to any pre - mid-Cretaceous metamorphi c or structural event recorded in 
originally deep - seated rocks. Howeve r, such events doubtl e ss led up to 
orogeny in mid - Cretaceous time that involved both deep-seated and near sur
face ro ck s. 
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An ear lier, pre-Middle Devonian orogeny may have occurred in the 
map-area, but the rocks in which such an eve nt is r ecorded (un it Bd) form a 
minor part of the terrain and the evidence for this oroge ny is outside the 

map-area. 

Pre-Middle Devonian Deformation and Metamorphism 

Pre - Middle Devonian deformation is probably recorded in foliat ed 
metamorphic rocks of unit Bb that form fault slices on the west side of the 
Cascade Mountains. These are correlated with deformed and metamorphosed 
rocks that are overlain with angular unconformity by Middle Devonian sedi
mentary and volcanic rocks 40 miles southwest of the map-area (Danner , 
1967). 

P ermo -Pennsylvanian Uplift 

Uplift in the region, although not necessarily in th e map - area, took 
place in post-Early Pennsylvanian, pre-late-Early Permian time. Coarse 
sandstone and minor conglomerate in unit Zc of the Chilliwack Group overlie 
Lower Pennsylvanian limestone (unit Zb) and fine - grained clastic r ocks (unit 
Za). These coar se- grained rocks probably record an increased rate of uplift 
and erosion . Allochthonous plant foss ils in umt Zc, which is marine, show 
that the source area was above sea level. As sandstone and co n glom e rate in 
unit Zc are derived from a volcanic rock, chert and limestone terrane, it 
seems probable that the eros ion represented by unit Zc was shallow. 

In the map - area no hiatus can be recognized between Lower 
Pennsylvanian limestone (unit Zb) the overlying clastic sequence (unit Zc) and 
Lower Permian limestone (unit Zd) so the southwestern part of the map - area 
may n ot have been uplifted at all. However, this may not be the case in adja
cent areas, as Danner (1960) believed that a disconformity existed below the 
equivalent of unit Zc about 5 miles south of the map -area. Possibly one or 
more hiatuses may be included in unit Zc. Unfortunately fossils in unit Zc 
are insufficiently diagnostic to determine whether unit Zc is either 
Pennsylvanian or Permian or both. 

Permo- Trias sic Hiatus 

No stratigraphic evidence for post-late Paleozoic, pre-Jurassic 
deformation and metamorphism is known from the map - ar e a, although there 
was possibly uplift at this tim e . McTaggart and Thompson (l967)thoughtthat 
the re was northwest folding and faulting of the Hozameen Group (unit 1) 
together with the development of gneiss (unit C) in late Pal eozoic or e arly 
Mesozoic time. This was based on the apparent gradational contact between 
gneiss and the Hozam ee n Group, the composition of the gneiss, which is com
patible with it being derived from the Hozameen Group, and the seemingly 
more complex deformation of the late Paleozoic Hozameen Group in compari 
son to contiguous Lower Jurassic and later rocks. However, the l ast poss
ibly could b e due to the decreasing effects of d eformation away from the core 
of the Cascade Mountains (McTaggart, pers. comm. ). South of this part of 
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the map - area, Misch (pers . comm,) believes that th e degree of deformation 
of the M esozo i c rocks is compa rable to that of contiguous Paleozoic rocks. 

Misch ( 1966) believed that there was p r e - Jurassic deformation and 
metamorphi sm in the region that was late r than th e deformation producing the 
pre-Middle Devonian basement metamorphic rocks. The argument for pre 
Jurassic deformation and metamorphism is based on th e following . Gn eiss 
and blueschist in th e Cascade Mountains ar e cut and mylonitized by mid 
Cretaceous faults. As there is no stratigraphi c evid ence of major orogeny in 
rocks of Late Triassic to Early Cretaceous age, the oroge n y producing this 
metamorphism is assumed to be pre - Late Triassic . Explo rato r y K-Ar dat es 
of 2 18 and 259 million years on cros8ite in the blueschist indicate a minimum 
age of Late Permian -Early Triassic for its fo rmat ion . Furthe r more, a 
pronounce d angula r unconformity ex i sts between Upp er P e rmian and Upper 
Jurass i c-Lower Cretaceous rocks about 55 miles s outh of th e map - area 
(Danner, 1966) and Upper Permian and Lowe r and Middle Triass ic rocks ar e 
absent from much of the re g ion . On this basis, M i sch (1966) was inclined to 
assume an episode of intens e deformation and metamorphism in permo 
Triassic time, but stated that this episode conceivabl y pre -dates late 
Paleozoic deposition . 

However, evi dence f r om the map - ar e a show s that no de formation of 
near-surfac e ro cks took place in Permo - Trias sic time, at l e ast on th e west 
side of th e Cascade Mountains. Lower Permian rocks of the Chilliwack 
Group (unit 2) ar e ove rlain d isconformably by Upper Triassic r ocks of th e 
Cultus Formation (unit 4) (Monger, 1 966) . B e dding in both units is confo rm
abl e in outcrop and region ally within the map - area . S outh of Fraser River, 
for example , Permian v olcanic ro ck s (un it Ze) are apparently eve r ywh e r e in 
strati g raph ic contact w ith Upper Triassic ro cks . Although the thickness of 
the P e rmian v olcani c rocks vari e s f rom 2, 000 feet to ZOO feet this variation 
could well b e due to th e nature of th e sequence, and because it occupi ed a 
much greater area prior to mid - Cretaceous f o lding and th rusting . Contigu ou s 
Permian and Triassic ro cks in this part of th e map - area have undergone th e 
sam e amount of deformation and metamorphism. Laws onite , a characte ristic 
mineral of the blue s chist facies, occu rs in fe l dspa r s in both Permian a nd 
M e sozoic rock s (units Ze and 4), althou gh it could conceivably be detrital in 
th e latter . 

The P ermo - Triassi c hiatus could have been caused by gentle upwa rp
ing and n ond e position o r alte rnativel y could result from the vol canic rocks 
(uni t Ze) accumulatin g m or e rapidly th an they subsid ed so th at they were 
above s ea l evel (see Dott , 1 96 1 ) . Mino r (?) ero sion of Permian rocks in th e 
r eg ion did take place because a thin br ecc ia, which conta ins an gular clasts 
of mainl y vol canic rocks simil ar to th e Permian volcanic ro cks , forms the 
base of the M e so zo i c section in th e Chilliwack Valley area. 

In conclusion th e wr ite r feels that e ither n o d e formati o n took place 
in the r eg ion in Permo -Tria ss i c tim e ~ r that it took p l ace only at de epe r 
l evels . Nea r -surface ro cks were essentiall y undeformed, althou gh th e y rnay 
have b een upwarpe d . 
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Jurassic and Cretaceous Hiatuses 

Two roughly synchronous hiatuses in Middle Jurassic to Lower 
Cretaceous rocks on both sides of the Cascades, and abundant gran iti c detri
tus in Lower Cretaceous rocks, reflect crustal unrest and uplift that culmin
ated in orogeny in mid and Late Cretaceous time. On the western sid e of the 
Cascades, the Oxiordian Kent Fonnation (unit 10), composed of conglomerate 
containing clasts of vo lcanic and sedimentary origin, overlies the Callovian 
Billhook Formation (unit 9) with slight angular unconformity (Crickmay, 
1962). On the east side of the Cascades, in the southeast part of the map
area, Coates ( in press) has shown that the Oxfordian to Portlandian Dewdney 
Creek Group (unit 12a) overlies the Toarcian- Bajocian Ladner Group (unit 5) 
with apparent disconformity or low angle unconformity. According to Coates 
the Dewdney Creek Group contains "a trace of granitic material". The 
Berriasian and lower Valanginian Peninsula Formation (unit 14) of the 
Harrison Lake area has a basal conglomerate and pebble-bearing arkose con
taining granitic clasts . It rests with slight angular unconformity onOxiordian 
and Callovian rocks. On the eastern side of the Cascades the Hauterivian to 
Albian Jackass Mountain Group (unit 16b) disconformably overlies the 
Dewdney Creek Group. Granitic detritus is abundant in the Jackass Mountain 
Group and its nonmarine eastern partial equivalent, the Albian Pasayten 
Group. According to Coates, th e uppermost Lower Cretaceous rocks have 
two source areas. A western one, consisting of Paleozoic and Mesozoic 
rocks, indicating that there was uplift of the Cascad e axis at this time, and 
an eastern granitic source area. 

Mid- and Late Cretaceous Orogeny 

Deformation, metamorphism(?) and g raniti c intrusion (?) in mid
and Lat e Cretaceous time appears to have established the basic structural 
pattern of the map- area. Five northwest-trending belts were formed, each 
with a distinctive structural style. These belts correspond to the vertical 
divisions shown on the Table of Formations (Fig. 2), except that there the 
Paleozoic and Mesozoic rocks on the east sid e of the map-area have not been 
separated. Between these belts are mid -Cretaceous faults. Post-Cretaceous 
graniti c intrusions (unit 24) have obscured the boundaries of the belts in some 
places. Characteristics of these belts are given below in Table IV. 

1. Eastern plutonic belt 

This structural unit differs f r om the others in that it appears to have 
been little involved internally in mid- to Late Cretaceous deformation but was 
merely uplifted. It consists mainly of the Eagle Granodiorite (unit 13) that 
has a pronounced foliation concordant w ith the regional structural trend and 
minor Upper Triassic, Cretaceous and Tertiary volcanic rocks (units 3, 18 
and 23). 

The Eagle Granodiorite may have been formed during metamorphism 
in Triassi c-Jurassic time that affected a much wider area than the Coast 
Cascade orogen. In the southern extension of the belt in Princeton map-area 
Rice (1947) noted the conformity between structures in the Upper Triassic 
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l\'icola G r oup and the Eagle Granodior i te (th ere a complex of gn e i ssic and 
granitic r ocks) . He felt that gran itic mate rial had b een introdu ced along the 
bedding of the Nicola G r oup after fold in g, as there was no evid e n ce of crush
ing in the granitic r ock . Working south of this in the Okanogan Ran ge of 
no r thern Washington, Hawkins ( 1968) noted the resemblance of the Eagle 
Granodiorite of Rice and the Spanish Camp Gneiss of the Okanogan Range. 
The latter was felt to be the result of post-Paleozoic, pre - m id-Jurassi c 
" Is ochemical n1etamorphisrn of eugeosync linal rocks". In the map-area an i 
a n alogous rock is gneiss of unit C in the axial b e lt, believed to b e of pr e 
Jurassic age and derived by metamorphism from rock of the Hozameen G roup 
(McTaggart and Thompson, 1967). Unit C differs from gn eiss to the east as 
it has been strongly invo l ved in mid - to Late Cretaceous deformation and 
intr uded by Late Cr etaceous and Tertiary granitic rocks. Possibl y ther e was 
deep - seated meta!Y'.orphism and anatexis over a w ide ar ea in ear l y Mesozoic 
time . By Cr etaceous time thi s had become r estric t ed to the axial belt of the 
Cascade and Coast mountains, and littl e e ls e happened in the Eastern pluto ni c 
belt apa r t from uplift in Lower a nd mid - Cretaceous ti me . 

The Pasayten Fault bounding this structural unit on the west is 
assumed in the map - area on t h e basis of the straightness of the contact 
b etween th e granodior ite and Mesozoic rocks and mapped fau lts both n orth 
and east of the map - area. To the north Duff ell and McTaggart ( 1952) showed 
a fault separating the Mount Lytton pluton (th e continuati on of the Eagl e 
Granodiorite) from downd ropp ed Meso zoic rocks to the west . East of the 
map - area Coates (in press) named and d e scribed this fault. H e b elieve d it 
was a normal fault w ith up to 20, 000 feet dip-slip movement that was probably 
acti ve in Early Cretaceous tim.e as the uplifted eastern side was the source of 
some Cretaceous sandstones to the we st. Sli ckensides on the fault s urface 
show both oblique - and strike -slip movement. The latter is also indicated by 
the volume of Cretaceous arkose west of the fault, mater ia l that could only 
h ave been derived from a granitic terrane of cons iderable extent, such as t h e 
Okanogan batholithic complex . 

2. Eastern Mesozoic belt 

Littl e is k n own of the structure of the Mesozoic belt in the map-area, 
Cairnes (1924) reported a major syncline that c r o ssed Coquihalla R ive r just 
east of its conflu e n ce with Ladner Creek, minor fo lds and reverse faults, 
and southwest dipping b e ddin g and slaty cleava ge in th e Ladner Group. H e 
showed a fault separating the Pasayten Group (unit 17 ) from th e D ewdn ey 
Cr eek G roup (l2b). 

D e tail e d mapping by Coates (in press), mainl y f rom eas t of the map 
ar ea , has shown stru c tures that appear to conforrn to these . Coates described 
two major synclines w ith axial surfac e s d ipping west - southwest . The west 
ernmost may b e th e southern ext ension of the syncline mapped by Cairnes. 
Lar ge -scale reverse faulting, ge n etica lly r e lat ed to the fo lding, has caused 
imbr ication of t h e easte rn limbs of th ese folds. One such f ault, call e d th e 
Chuw anten F a ult by Coates, probably e xt e nds n orth -northwester l y into the 
map - area as the fault that separates the D ewdn ey Cr eek and Ladne r g roups. 
According to Coates the form a nd attitude of these fo ld s and faults is compati
ble with a singl e ep is o d e of n ea rl y hori zontal compression. 
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The age of this deformation, which involve s youngest Lower 
Cretaceous rocks , is best dated as early Late Cretac eous . Ev i de n ce for this 
comes from th e Hozameen Faul t, whi ch separated Pa l eo zoic rocks from 
J urassic and(?) Lower Cretac e ous rocks. Coates has shown it as a stee p 
d ippin g reverse fault, simi lar t o the r eve rs e faults in th e Me sozoic rocks , 
and b e l ieved th at it form e d during d efo rmation of the Mesozoic r ocks . A 
m inimum age on this fault is 84 million years or mid-Late Cretaceous, 
obtaine d by radiome tri c datin g on a small pl uton that cuts it (Coate s , in 
Wanl ess, ~al. , 196 7 ) . -

The Hozameen Fault is assumed for most of its l ength in the map 
area, on the basis of the straightness of the contact between Paleozo i c and 
Mesozoic rocks and the presen ce of serpentinite (unit Aa) a l ong it. At its 
n orthern e nd it appea rs to merge with the co mplex of fau lts along Fras e r 
Valley, crosses the Fraser R i ver just south of Boston Bar, recrosses it to 
the north , and juxtaposes metamorphi c ro ck s (unit Ba) against Lower 
Cre tac e ous rocks (unit 16a ) . 

3. Eastern Paleo zoic sed imentary and vol cani c belt 

Acco rdin g to McTaggar t and Thompson (1967) th ese rock s have 
un d ergone mul tipl e deformation. Earl iest deformation, possib l y in pre 
Juras s i c time, produced northwest - trendin gfolds and faults and th e con comi
tant formation of the Custer Gneiss (part of unit C ) . Thi s event i s tentatively 
correlated by the writer with the early Mesozoic? formatio n of gn eiss assoc
iate d w ith Eagle Granod ior it e east of t h e map - area. Following t his , in m id
Cretaceous time, there was minor n o rthe ast e rly fold in g and local deforma
tion n e ar the Hoza mee n Fault . In the south of the map- area the ea rly 
northwes t - trending folds were probably compressed in the same episode of 
deformation that produced the folds in Mesozoic rocks to the e ast. North of 
H ope the H oza mee n Group was me tamorphos e d and intruded by partly concor
dant, possibly partly anatectic, quartz di orite (unit 19). 

A zone of shearing, metam o rphism and intrusion separates this b e lt 
from th e central complex of s chist, gn eiss and granitic rock . Th i s was pr e 
sumably the limit of development of the gn e issic rocks (unit C) from the 
Ho zam een Group . In mid? and Late Cretaceous time it wa s a zone of intens e 
s h earing a n d myl onitization along which, north of Hope , sm·all g ranodiorit e 
bodie s (unit 20) were intrude d . 

4 . A x ia l b e lt 

This b e lt is distinguished from th e o thers as it is the principal site 
of high - g rade metamorphism and g r a niti c intrusion in the map - ar e a, and 
m erge s w ith the t ypical Coast Mounta in s geol ogy in the nor t h. Metamorphi sm 
in this belt possibly s tar te d in pre - Early Jurassi c time and continued into the 
Late Cretaceous, far l on ge r than anywh e r e e ls e in the map - area . Unfo rtun 
ate ly most of the complex and long structural deve lopment of this belt took 
pl ac e at depth and cannot be linked to the strati graphic r eco rd unti l Early 
T er tiary time , so its history is ve ry uncertain. The abundance of Late 
Cr e tac eo us and T e rtiary g ranitic rocks in th e belt obscures th e record still 

more . 
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Fold s in the belt t r e nd mainly n orthwesterl y . Well - docum e nted 
major structures are rar e because of the rel ative la ck of 1narker horizons, 
alth ou gh Roddick and Hutchison (1969) r epo rted an e l ongate gneiss dom e 
(unit C) surrounded by schists (un i ts Bb, Be) in th e northwest part of the 

map- a r ea. 
A fault zone s e parating this b e lt from little metamorphosed rocks to 

the west is l arge l y obscured by Cr e ta ceous a n d T e rtiary intrusions. On th e 
west sid e of Harrison Lak e , n ear Bi g Silve r Creek, it appears to be a stee ply 
n ortheast - dipping reve rs e fault that juxtaposes gn eissic r ocks w ith green 
s chist g rad e rocks probabl y be l onging to the Ch illiwack Group. South of this, 
near The Old Settler, i t is possib l y a complex zo n e rather than a sin gle fault, 
that involves s l ices of possible pre - Devonian basem e nt (unit Bd), Paleozoic 
r ocks (unit 2) and ultramafic ro cks. On o ne sid e of this zone ar e greenschist 
grade volcan i cs and p e lites mapped as Chilliwack Group (uni t 2) and on th e 
other quartzos e schists and other schistose rocks (unit Bb ). Farth e r south 
this fault appears to be oblit e rated by graniti c rocks. The prominent north
south fault o r fault zone exten din g from Rub y Creek to the International 
Boundary along wh i ch ultramafic rocks (uni ts Aa, Ac) and basement sl ices 
(unit Bd) have been emplac e d may n ot be the continuation of the fault zon e to 
th e north, as r e lative ly little - metamorphosed Chilliwack Group r ock s occur 
w e st of it in Chilliwack Valley. 

5. Western Paleozoic and Me s ozoic sedimentary and volcani c belt 

Upper Paleoz oic and M e sozoic rocks in th i s b e lt are separated by a 
disconformitv and have b een tightly folded and thrust, probably in mid 
Cretaceous time. Subsequently, p o ssibly in E ocen e t im e, the rocks south of 
Fra s er River at least , were fo l ded, reverse faulted and warped . 

Three m a jor tectoni c units are separated by thrust and r eve rs e 
faults in the belt south of Fras e r River (F i g . 4). The l owest unit is beli eve d 
to b e autochthonous a nd cons is ts rnainly. of Mesozoic ro ck s with m inor 
Paleozoi c rocks. On th e we st it is b oun ded by a steep northeas t - trending 
fault across which a na rrow s liver of probable pre - Devonian basement (unit 
Bd) has been brought up, a n d on the south and eas t b y a thrust fa ult . Minor 
folds in this u n it ar e tight, overturned to the northwest and have axial planes 
that dip south e ast at moderat -' an gl es . A penetrative fractu r e cleavage (o r 
reticulate cleavage of Crook, 1964) is deve l op ed onl y in th e p e litic rocks and 
not in th e sandstones. Paleozoic rocks overlying the Mesozoic rocks on 
Church Mountain are believed to be part of th is unit as the degree of alte r a 
ti on and development of planar structures is identical to that in th e Mesozoic 
ro ck below. The Paleozoic r o c ks may compris e th e l ower limb of an over 
turned fo ld and as such should be call ed parauthochthonous, although Misch 
(pers . comm.) beli eves that they form a thrust slice . Above this unit ar e 
allochthonous rocks that ove rlie a maJJr thrust co rr e lated w ith th e (Amer i can) 
Church Mountain thrust of Misch ( 1966). Within the a llochthonous rocks a 
thick l ower s equen ce of Permian volcanic rocks (unit 2e) is separated by an 
assumed thrust from overlying Pennsylvanian a n d Permian strata (un its 2a, 
2b, 2c, 2d, and 2 e) and Mesozo i c rocks (unit 4) . Permian l imeston e (unit 2d ) 
on Mount McGuire and the north side of Chilliwack Valley outl in es a major 
recumbent fold overturned to the northwest (F i g . 4). This plunges gently to 
th e northeast, probably as the result of later deformation. The lower limb 



51 

of the fo l d i s replaced by a thrust, below w hi c h is the thick sequence of 
Permian vol canic rocks . T h e thrust appears to be ge n etically related t o the 
recumbent folding . Min o r fo l ds in these rocks mir r or the geometr y of the 
major structure. Planar structures in th e a llo chthonou s rocks are far better 
developed t han those in the autochthon. An axial - plane s laty or phylliti c 
cl e avage is fou n d in both Paleozoic and Mesozo i c p e litic rocks and the g rains 
in coars e r clastic rocks a r e fla tte n ed, producing a crude fo liation. Paleozoi c 
rocks on Cheam Peak, a n d th o s e that form a k lippe to the south of it, appear 
to be a structurally higher th rust sheet as they overlie Mesozo i c rocks. The 
easternmo st tectonic u n it includes Paleozoic rocks (unit 2), p robable base
ment rocks (unit Bd) and mino r u l tramafic rocks (units Aa , Ac) , and i s 
separated fron1 rocks to the west by a no r th - south trending fault zone that 
dips e asterly at about 70 degrees where we ll- exposed near Mount Pierce . 
This fault appears to trunc ate st ructures to the west. Rocks east of th e fault 
probably fo r m th e northerly continuation of the zone of imbricated Paleozoic 
rocks and basement slic e s below the main Shuksan Thrust of M isch ( 1966) 
t hat is we ll - exposed west of Slesse Creek just south of the Inte rnational 
Boundary . 

The str uctura l patte rn n o r th of Fraser River is probably similar . 
Rocks west of th e imbricate zone along Harrison Lake co rr espond to th e auto 
chthon. T h e probable Paleozoic rocks (unit 2). b etween this zon e and the fault 
along Ruby Creek are analogous to the allochthonous Paleozoic and Mesozoic 
rocks in the Chilliwack Valley . Rocks east of the Ruby Creek fault a r e 
schists (unit Bb) as well as C hilliwack Group rocks. North of here the com 
plex of ultramaf i c ro cks (unit Aa), basemen t slices (unit B d ), Chilliwack 
rocks (unit 2), and schists (un it Bb), forming The Old Se ttler in many w ays 
resembles the imbricate d zone n ear w h ere Slesse Creek cros s es the 
International Bounda ry. The main difference b e tween this ar e n or th of 
Fras e r River and that south of Fraser R iver is that h e r e a ll faults dip steepl y 
eastward whereas south of the Fra s er they are r e latively flat l y ing . Th i s 
difference is possibly due to differential uplift of th e Coast Moun tains wes t of 
Harrison Lake . 

Metamorphis m of most of t h ese rocks is re l atively s li ght . Excep 
tions are pre -D evonian basement rocks (unit Bd) and contact metamorphosed 
rocks near t h e granitic in trusi ons. South qf Fraser Rive r volcanic rocks are 
invariabl y saussuritiz e d and belong to the lower part of t h e g r eenschist facies . 
Fine - grained lawsonite, chara cteristic of the glau coph ane sch ist facies, 
occurs in P e rmian vol cani c rocks a nd in fe l dspar gra ins in L ower(?) Jurassic 
sed iments . This is p erhaps a margina l de ve lopme n t of that b e lt of green
s chist and b lueschi st (Shuksan greens c hist of M is c h, 1966) on t h e west sid e 
of t h e gn eissic and g raniti c core of the Ca s cade Mountains south of t h e 
Int e rnational Boundary. The age of thi s m etamorphism is n ot known . E xplor
atoryK - A r dates indicate th at the minimum age of cross ite in this blu e schist 
is Permo - Triassic (Misch, 1966) . If t his is so then the l awsonite inMe sozoi c 
rocks may be detrital. 

Age of th e deformation cannot be date d mo r e pr ec ise l y t h an post 
Upper Jurass i c , p r e - Miocen e . South of the map - area a m a x imum a ge is 
g i ven by the invol vemen t of L ower Cretaceous r ock s and a minimum age by 
the latest Cretaceous - Pal eocen e Chuckanut Formation that has not b een 
affected by this d e formation. 
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Ear l y Tert iary Def ormat io n 

T h e most noticeabl e effect of Ear l y Tertiary de formation is the zone 
of n orth- south trending fau lt s a l on g the F r aser River a bove H ope . I n additio n, 
there was folding along the F r aser River partly synchron ous with this fau lt 
ing . Fol d ing a n d reverse faul ting in the westernmost of the mid - to Late 
Cretaceou s str u ctu r a l b elts may have taken place at thi s time . 

The F r as e r River faul t zone contains two major, ne a r l y pa r all e l 
fau lt s, the Hope Fault on the west a n d the Yale Fault on the east . T h e sen se 
of movement on th e se faults suggests that prior to Ter tiary fo l din g a n d intru 
sion a graben existe d north and south of Hope in which Eocene sedimentary 
rocks (unit 2 1) were d e posited . In addition, there may have been consider
able late ral movement on these fau l ts . Northwest of Hope , Eocene sediment
ary rocks (unit 21) have been downdropped along th e e ast side of the Hope 
Fault and are in contact with Late Cretace ous granitic rocks (unit 19). South 
of Hope small patches of Eocene sedimentary rocks surrounded by granitic 
rock (units 19, 24) are aligned in a north - south dir ec tion as far as the 
International Boundary and may mark the trace of the Hope Fault . The para 
llel Yale Fault is delineated mainly by a zone of mylonitization and extends 
from just north of Ch illiwack Lake to north of Spuzzum . In the southern part 
it is cut by mid - Tertiary intrusive rocks. In the north it probably merges 
with the Hope Fault north of Spuz zum and then with the o l der Hozameen Fault 
n ear China Bar . Small folds in the mylonite suggest that the west side of this 
fault has moved relatively down (McTagga rt and Thompson, 1967) . South of 
the Int e rnational Boundary the Straight Creek Fault of Mis c h ( 1966) is aligned 
with the Yale Fault and shows the same sense of vertical movement. Possible 
right-lateral movement on the Fraser River fault zone is indicated in the 
map-area by the change of structural trend near the fault zo n e . Away from 
it structures trend north - northeaste rl y whereas near the fault they trend 
north. The fault zon e continues into Ashcroft map - area to t h e north (Duffell 
and McTaggart, 1952) and from there apparently swings northwesterly and 
possibly connects w ith the numerous faults in Mount Waddington map - area 
(92N), about 150 miles north of the map-area . Cons iderabl e r i ght l ateral 
movement on some of these faul ts has been reported by Tipper (1968). T h e 
se vere shearing of the g ranit i c ro cks (units 19, 2 l ) near the Fras e r Rive r 
fault zone may be re l ated to this strike-slip movement . 

Early T e rtiary folding can be we ll - documented a l o n g the F r ase r 
River fault zon e , where strong fo l din g fo llowing deposition of Eocene rocks 
resulted in near vertica l dips of bedding in many p laces. Fol ding and faul t ing 
in the southern part of the western sedimentary a n d volcanic belt can onl y be 
dated as pos t mid- to Late Cretac e ous d e forma ti on , pre - Oligocene and 
Miocene granitic intrusions . It is tentatively co rr e l ated w i th we ll- docume n ted 
e arly Eocene deformation just sou thwest of th e map - area (Mill er a n d Misch , 
1963) . The mid - to Late Cretaceous, north e ast - trending, recumbent fo l d s 
and thrusts are refolded into b r oad a n ticlinal structures onnorthwest - trend ing 
axes and cut by reve rse fault s that dip northeasterly (Fig . 4) . M inor struc 
tures are conjugate and chevron folds, kink bands and crenul ation cleavage . 

Some movement on the Hope Fault took p l ace in Eocen e t ime but 
some may have been earlier . The patch of Eocene sedimenta r y rock on 
Isolillock Peak is probabl y faulted against Lake Cretaceous (?) g r a n itic r ock 
(unit 19 ) on the west and intrud e d by T ertiary g r a nitic rock (unit 2 4 ) on th e 
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e ast. As the latter has been date d at 35 million years (e arly Oli gocene) 
l atest movement on this fault was probably in late Eocene time . 

Mid-T e r tiary Intrusion 

Exte nsive granitic rock (unit 24 ) intruded in Oligocene -Miocene 
time apparently had no large scale struc tu ral effect . Contacts ar e sharp and 
discordant and 'l.ny metamorphism of country rock accompanying intrusion is 
r estricted to a narrow band near the contact. 

Pliocene- Ple i stoc e ne Upwa rp ing 

Pliocene - Pleistocene upwarpin g of the Coast and Cascade mountains 
is supported by both geomorphological and paleobotanical evidence from out 
side of the map - area. AccorcJ.ing to Tippe r (.0::_ Roddick, 1967) Pliocene pla
teau basalts rise smoothly from e ievations of 2, 500 fee t in the central int e rior 
of the province to elevations as high as 8, 500 in the Coast Mountains. 
Mathews (1968) noted that small upland relicts ofanapparentlyr'"lceextensive 
erosion sudace occur in the Coast and Cascade mountains and ar e correlated 
with a post - Eocen e , pre - Late Miocene e rosi on surface in the central inte rior. 
Plant fossi l s in uppe r Miocene or lower Pliocene rocks just east of the Coast 
Range indicate that the climate that this flora grew in was moister and milder 
than now . The r efore it seems probable that the Coast and Cascade mountains 
we r e lower h Miocene and e arly Pliocene time allowin g moist, mid - Pacific 
air to p e n etrate th e interior . 

The Problem of the Age of High-Grade Metamo rphi c Rocks in th e Map - area 

A majo r problem in th e map-area is the a ge of th e hi gh - grad e meta 
morphi c rocks and migmatites that comprise unit C and much of unit Bb. As 
is apparent from Fi gur e 3, there is nothing in the stratigraphic record that 
c an b e positive ly linked w ith any episode of high - grade metamorphism in pre 
mid-Cretaceous time, w ith, . . e possible except ions of pre-Middl e D evonian 
rocks in the west and pre - Lower Jurassic? deformation of the H ozameen 
Group in the east. 

The r e are three possible origins for these metamorphic roc ks . 
Firstly, they could b e part of an old, pre - Devonian, hi gh - grad e metamorphic 
basement that became invo l ve d in mid - Cretaceous deformation . Secondly, 
they could have formed during orogeny in mid - Cretaceous time . Finally, 
they coul d have be en produced by a lon g continu in g process that c ulminate d in 
mid-Cr e tac eoL\s orogeny . As there io no r ecor d of the latte r in the surficial 
rocks, such a process could only be accounted for if there wa s a mobile, deep 
layer of hi gh - g rade metamorphic rock and migmatite (o r infrastructure) 
overlain by a structurally competent cover of surficial rock (or supra stru cture) 
that r e flects events in the deeper layers only by ver ti cal m.ovement, if at all . 
Not until mid-Cretaceous time were both layers involved in the same deforma 
tion. Rocks of all three origins may b e included in units C and Bb. 

Som e gneiss could be part of an old, pr e - Middle D evonian basement, 
r e licts of which (unit Bd) may be preserved in the western nonmetamorphic 
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belt . Misch (1966 ) has distinguishe d such rocks (e . g. E l dorado orthogneiss) 
within the axial belt of schist and gneiss in the Cascade Mountains of northern 
Washington. Such gneiss possibly occurs in the northwestern part of the map 
area, 8 miles east-southeast of Mount Breakenridge, where it forms the co r e 
of a doubly plunging anticline and is apparently concordantly over l a in by 
schist (Roddick and Hutchison, 1969). However even if the schist is of 
Mesozoic age, the gn eiss cannot be dated as other than pre - Mesozoic. 
Lithologically this gnei 5s is far more homogeneous than gneiss exposed in the 
southern part of th e map - area, and the two may be of different ages. 

Gneiss, migmatite and schist possibl y formed during a s ingle epi 
sode during Cretaceous time . Indications that this may be so locally comes 
f ro m near Yale, where the Spuzzum quartz diorite (unit 19) may h ave formed 
by metasomatism or anatexis of metamorphosed Hozameen rocks (McTaggart 
and Thompson, 1967) . Howeve r, the Late Cretaceous radiometric age 
obtained from this pluton, which is the sole evidence here of its time of 
formation, probabl y onl y records th e time of cooling below a certain tem
perature, and may be ve ry different from its time of formation. 

In addition, gnei ss and high-grade metamorphic rocks were formed 
at some time between the development of pre - Middle Devonian metamorphic 
r ocks and mid - Cretac e ous orogeny, possibly in early Mesozoic time. A min
imum age is indicated by gneiss of unit C in the Fraser Canyon north of Hope 
that was crus hed and mylonitized during Cretaceous deformation (McTaggart 
and Thompson, 1967) . The crushing indicates that the gneiss was deformed 
in a ve ry differe n t e n v ironme nt from that in which it w as produced. Similar 
eviden ce is used b y Misch (1966 , and pers. comm. )to d e m onstrate that high 
grade metamorphic rock s in the Cascade Mountains pr e - dat e 1nid-Cretaceous 
orogeny. Two ar gu ments suggest that t he maximum age is latest Pa1 eozoic . 
Firstly, on the basis of composition McTaggart and Thomps on ( 1967) suggested 
that gneiss in the southe rn part of th e map - area is derivedfrom t h e Ho zameen 
Group, and Misch (1966) noted that the overa ll lithology of his Skagit Gneiss 
(equivale nt to unit C) is comparable to that of upper Paleozoi c rocks in the 
area, although there are some di ffere n ce s. Secondly, th e composition of 
volcani c rocks indicates that the gneiss is e ither post-latest Pal eoz oic or 
pr e - D evonian (? ). Paleozoic volcanic rocks are predominantly basic, 
whereas Mesozoic volcanic rocks ar e intermediate or acidic. It seems 
unlikely to the w riter that basic magma would be extruded in the same area 
and at the same time as acidic gn eiss wa s being fo rmed at depth. 

GEOLOGICAL HISTORY OF HOPE MAP - AREA 

Pr e - Middle De vonian Region 

Deposition, intrus ion and metamorphism took p l ac e in the map - area 
probably in pre - Middle Devonian time. R e licts of the terrane result ing from 
the se processes ar e amph ibol ite and schist (unit Bd) th at form s l ices alon g 
mid - Cr e taceous faults in the western part of the map - area. 
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Late Pal eozo ic Record 

In late Paleozoic time g r eat thicknesses of basic volcanic rocks, 
chert and pelite w ith l es ser amounts of limestone, sandstone and pyroclastic 
rocks were deposited. On the western side of the Cascade Mountains fine 
clastic rock and argillaceous limestone (units Za, b) of Early Pennsylvanian 
age probably we r e laid down under quiescent conditions . These were suc
ceeded by coarser clastic rock (unit Zc) derived from a volcanic and lime 
stone terrain and containing allochthonous plant material that presumably 
records uplift and eme r gence of land in Permo-Pennsylvanian time. Then 
followed a thick sequence of Lower Permian volcanic r ocks (unit Ze), mainly 
basic but locally as acidic as dacite, and partly stratigraphically equival ent 
Lower Permian limestone (uni t Zd). The accumulated volcani c rock s may 
have formed hi ghs on and about which limeston e was deposited. Rocks on the 
eastern side of the Cascade Mountains (unit l) cannot be dated precisely 
because of the absence of fossils, but their lithology suggests they are upper 
Paleozoic. They may represent a deeper water facies tha n Permo 
Pennsylvanian rocks to the west as coarse c lastic rocks are absent, chert is 
abundant and limestone onl y a minor part of the succession. In addition , the 
volcan ic rocks are nearly all flows, whereas about one -third of the Permian 
volcanic succession to the west is pyroclastic material. Th ese bas i c volcanic 
rocks are intimately associated with ultramafic rocks a l ong the eastern mar
gin of the Paleozoic rocks. 

A regional hiatus between Lower Pennian and Upper T riassic rocks 
may be due e ither to upwarping, possib l y related to deep - seated formati.on of 
gn eiss, or because volcani c accumulation in Early Permian time exceeded 
subsidence and the building up of high areas that we r e not covered unti l the 
Late Triassic. 

Mesozoic R e cord 

In contrast to upper Paleozoic rocks the Mesozoic succession is 
largely clastic roc k, with volcan i c rocks locally important in Late Triassic, 
Middl e Jurassic and late Early Cretaceous time. In general the clastic suc
cession becomes coarser upwards, w ith pe l ites and siltstones predominating 
in the o ld es t part and sandstones and conglomerates in the youngest . The 
composition c hanges upwards as well. Older rocks consist largely of vol
canic detritus whereas the youngest contain much granitic material. All of 
these rocks are marine, with the exception of late Lower Cretaceous rocks in 
the eastern part of the map-area. These changes are compatibl e w ith an 
increase in local relief with time, concomitant erosion of d eeper levels 
expos in g granitic rocks, and late Lower Cretaceous regional uplift. 

A trough appears to have occupied much of the map - area in early 
Mesozoic time . In th is, Upper Triassic and Lower to M iddle Jurassic peli tes 
and fine - grain e d graded sandstones derived l argely from vol canic rocks we r e 
deposited by turbidity currents. Border ing the trough on east and west were 
high areas that probably were the sources of these sediments. The high area 
to the east was composed of vol canic rocks (unit 3) and underlay the n orth
east part of the map-area and the adjoining Princeton and Nicola map- areas. 
That to the west consisted of volcani c rock and l imestone and underl ay 
Vancouver Island. 



- 57 -

In Middle Jurassic time a thick sequence of intermediate to acidi c 
flo ws and pyroclastic rocks (unit 6) was deposited lo cally (?) in the western 
part of the trough. 

The trough apparen tly persisted through J urassic tim e , bu t in Early 
Cretaceous time became divided into eas t ern and weste rn parts by a geanti
cline located along the present axis of the Cascade Mountains. Pelites, sand 
stones and con glomerat es, together with pyroclastic rocks were laid down in 
Late Jurassic and Early Cretaceous time . Partly synchronous hiatus es on 
both sides of the Cascade axis record crustal movements in early Late 
Jurassic and latest Jurassic - ea rliest Cretaceous time that may have been 
precursors of mid- and Late Cretaceous orogeny. By late Early Cretaceous 
tim e material was being eroded from uplifted upper Paleozoic and low e r 
Mesozoic rocks of the axial geanticline and deposited in the eastern trough, 
along with granitic and gneissic detritus from uplifted rocks east of the 
Pasayten Fault. 

In the upper Cre taceous the whole area underwent orogeny. All pre 
mid - Cretaceous rocks were folded, faulted, metamorphosed (?), intruded and 
uplifted, with the apparent exception of rocks (ma inly unit 13) on the east side 
of the Pasa yten Fault which was only uplifted . This deformation may have 
initially started in the axial belt, where it was reflected in th e axial geanti
cline in late Early Cretaceous time and progressed outwards. Granitic rocks 
and g ne isses (units C, 19, 20) in the axial belt we re sheared and mylonitized 
and some may have evolv ed at this time by anatexis or metasomatism. 
Sedimentary and volcanic rocks west of the axis were folded and thrust to the 
west and northwest; those to the east were folded and reverse fa ulted. Sub
sequent normal and strike-s lip(?) faulting in Eocene time produced a promi 
nent north-s outh grabe n along the Fraser R i ver above Hope and to the south , 
in which nonmarine Eocene rocks were deposited. 

Post-E ocen e Re co r d 

Following this orogeny, T ert iary vol cani c rocks (units 22, 23) were 
unconformably laid down on the old e r rocks, and relate d (? ) mid - T er tiary 
granitic rock (unit 24) discordantly intruded. The Coast and Cas cade moun
tains were the n uplifte d in Pliocene - Pleistocene time and ext ensive ly glacia
ted, to produce the present topography. 

ECONOMIC GEOLOGY 

Hope map - area h as a l on g history of mineral discoveries, although 
relatively few of th e many properties recorded from this area have been 
exploited with any major commercial success. In 18 58 p l acer gold was found 
in gravel bars of the Fraser R i ver near Yale . A lode silver d eposit, discov 
ered in 1868 on Silver Peak 6 miles south of Hope, wa s covered by the f irst 
c r own - granted clai1ns in British Columbia and was one of the earli e st l od e 
mine producers in th e province. Exploration in the late 19th centur y and 
ea rly years of this centur y l ed t o the discovery and subsequent exploitati on 
of ( l) lode gold in th e Si wash Creek - Ladner Slate belt - Coquihalla serpe ntine 
belt area, about 12 m iles n orth eas t of H ope, (2) s ilver -lead-zinc deposits in 
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Summit Camp, 18 miles east -northeast of Hope and (3) silver-copper -lead 
zinc deposits in th e Skagit River valley. The most important discovery to 
dat e was made in 192 3, when a nickel-copper deposit was discovered at the 
h ead of Stulkawhits Cr eek, 7 miles n orthwest of Hope. This was subsequently 
d eve l oped into by far the most productive mine in th e map - area . Numerous 
i s-olated occurr ences are k n own from e ls ewh ere in the map-area and are 
li sted below, but f ew have be e n commerciall y expl o i ted . 

L ocation of properties is shown on the geol og i cal map. The number 
in brackets following the prope rty co rr espon ds with the property nurnber 
s h own on geol ogical map . 

METALLIFEROUS DEPOSITS 

Placer Deposits 

Refer e n ces : Cairnes, 19 24 , Geol. Surv . Can. , Mem . 139, pp. 131-132 .. 
Galloway, 19 33, B. C. Dept. Min es, Bull . l, p . 42. 
Holland, 1950, B. C. Dept. M ines , Bull. 28, pp. 4 1- 2. 
Minis t er of Mines, B. C . , Ann. Rept . 

Production of p l acer gold in the map - area has come mainly from the 
Fraser River. Following the discovery of placer go ld in 1858, gravel bars 
along th e Fras er were rapidly mined and most of their wealth was recovered 
befor e the commencement of production records in 1874. Although min ing 
cont inued in the following years, yie ld s were relative ly low . 

Pros:-ecting was intensive along Siwash and Hidden creeks as early 
as the 1870s, but only small yie ld s were recorded . Colours wer e demon 
strated in the Skag i t R iver area and in tributaries of the Nahatlatch River, 
but there was no r eco rded production . 

Placer activity, commenc ing around 191 1, took place along the 
Coquihalla River and its tributaries including Ladner Creek, Fifteen Mile 
Creek, Sowaqua Creek, Peers Cre ek and Nine Mil e Creek. There was l ittle 
or no reco;:ded production from th ese areas. 

Platinum asso ciat ed with placer gold is present in the map - area, but 
yields have b een negligible . 

Lod e Deposits 

l. Gold deposits of Si wash Creek, 'Ladner S l ate b e lt' and 'Coqu ihalla 

serpen tin e be lt' . 

References: Cairnes, 1920' Geol. Surv . Can., Summ. Rept., Pt. A, 
pp . 23-41. 

1924, Geol. Surv . Can., M em. 139 . 
1929, Geol. Surv . Can., Summ . R e pt.; Pt . A, 

pp. 144 -1 47 . 
Stevens on, 1944, B. C. Dept. Min es, Bull. 20, Pt. IV, 

pp . 20- 23 . 
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The main concentrat ion of l ode gold deposits in the map - area extend s 
from near the bend in Siwash Creek in the northeast to just southeast of the 
Coquihalla River, between Jessica and Sowaqua Creek valley . T h e depos i ts 
occur in rocks of the L adner Group (unit 5), serpentinite (unit Aa) and th e 
Hozameen Group (unit 1). 

Interest in the area began with the discovery in 1891-92 of go l d 
bearing quartz veins in Siwash Creek va lley . Prospect ing in subsequent years 
was directed at quartz veins and sil iceous zones in th e L adner and H ozameen 
groups . Not until 1927, when high - g rade gol d ore was found associated with 
s e rpentine on the Aurum property, was prospecting of the 1 Coquihalla 
S erpentine b elt ' actually s tarted . 

Although considerable exploration and deve l opment of small showin gs 
was undertaken . only very few small and intermittent producers emerged . 

Between 1916 and 1 942, five properties in this area produced some 3, l02 tons 
of o r e contain ing 3, 117 ounc es of gold, most of which was ob ta ined from 
quartz veins in the Ladne r Group. 

(a) E manc ipation property (l) 

References: Minister of Mines, B . C ., Ann. Rept., 19 1 5, p . 257; 1 9 16, 
p. 264, p. 518 ; 1917, p. 234, p. 450; 1918, p. 239; 1920, p. 169 ; 1921, 
p. 197 ; 1922, p . 141; 1923 , p . 162; 1924, p . 137; 1925, p. 18 1 ; 1926 , p. 196 ; 
1927, p. 208; 1928, p. 227; 1929, p. 238; 1930, p. 204; 1931, p. 114; 1932, 
p. 78 ; 1933, p. 175; 1937 , p. A40, p. F35; 1938, p . A38; 1940, p . 28; 1941, 
p. 28. 

Free go l d , arsen opyrite, py rrhotite and minor chal copyri t e occur in 
l arge quartz ve ins running alon g the contact between s l aty members of the 
L adner Grou p and volcanic rock of the Hozameen Group. 

(b) Pipestem property (2) 

References : Minister of Mines, B. C . , Ann . Rept. 1922, p . 143; 1927, 
p. 208; 1928, p. 227; 1929, p. 238; 1 932, p. ! 56; 1933, p . 17 6, p. 307; 1934, 
p. A30; 1935, p. A29, p. F58; 1936, p . F33; 1937, p. A40, p. F35. 

Pyrite and arsenopyrit e with sporadic high values of gol d i s i n sil i ci 
f i ed zon es or quartz veins parall e l ing cleavage and beddin g in th e Ladner 
Group. 

(c) Aurum property (3) 

R eferences : (under Idaho) M in ister of Mines, B. C., Ann. Rept . 1919, 
p. 185; 1922, p. 14 3; 1925, p. 182; 1926, p. 196; (under Aurum) Minis t er of 
Mines, B . C . Ann. Rept. 1927, p. 208; 1928, p. 225; 1929, p . 44 0; 1930, 
p. 182 , p. 445; 1 93 1, p. 105 , p. 115 , p . 203; 1932, p. !56; 193 5 , p. F35; 

l 9 3 9' p. 41' l 94 2' p . 2 8 . 

Native gol d, pyr rhot i te, p yr it e, chalcopyrite, arsen o p yr ite andposs 
ibly millerite commonl y from poli s h ed fi lms on slickensided surfaces in tal 
case rocks or serpentin e. 
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(d) Other properties in this area 

(l) Siwash Creek area 

Emigrant (4) (Minister of Mines, B. C., Ann. Rept., 1917, p. 226, 191 8, 
p. 240); Roddick (Minister of Mines, B . C . , Ann. Rept., 1934, p. F 19); 
British Gold Min ing Syndicate (Minister of Mines, B. C., Ann. Rept., 1937 , 
p . F33); Coronation (M inister of Mines, B. C . , Ann . Rept., 1937, p. F 33); 
Gol den Eagle (Minister of Mines, B. C., Ann . Rept., 1937, p. F33); Jubilee 
(Minister of Mines, B. C . , Ann. Rept., 1937, p. F33) . 

(2) Coquihalla River to divide between Siwash and Ladner Creeks, 
Fifteen Mile, South Fork, (5) Montana, Spider Peak, Spencer Holdings, 
Keystone, Mammoth Holdings and properties of Columbia Metals Ltd., 

Reward Mining Co., and Dalhousie Mining Co. (Cairnes , 1929, Geol. Surv. 
Can., Summ . Rept., pp. 165 - 173 ). 

(3) Three miles southeast of Ya l e. Hillsbar Creek property (6) 
(Cairnes, 1923, Geol. Surv. Can., Swnm. Rept., Pt. A, pp. 8 1-83;Minister 
of Mines, B . C., Ann . Rept . , 1927, pp . 209 -1 0). 

2. Silver -lead - zinc deposits of Summit Camp. 

Reference: Black, 1952, in Minister of Mines, B. C . , Ann. Rept., Pt. A, 

119 - Al34. 

The first claim staked in this area, in 1894, was the Eureka Claim 
on the southern slopes of Treasure Mountain . Small galena -sphaler it e finds 
were made in subsequent years, but l ittle expl oration work was undertake n 
until the discovery in 1906 of the Silver Chief lode near the earli e r claim. 
Develop1nent work took place at various times on other properties in the area, 
and small shipments of silver-lead-zinc ore were made over the years from 
the Eureka and Silver Chief properties . 

Reported ore minerals include sphalerite, galena, pyrite , arseno 
pyrite, tetrahedrite , stibnite, pyrrhotite and possibly some rarer silver 
bearing m inerals. Cadmium and manganese have be e n recorded. Together 
with quartz and carbonate gangue, the ore minerals form strin gers, veins , 
pockets and disse1ninations within and near faults that cut sedimentary and 
vo l cani c rocks of the Dewdney Creek and Pasayten groups (units 12b, 17). 

(a) Silver Chief property (7) 

References: Minister of Mines , B . C., Ann. Rept., 1913, p. 230; 19 17 , 
p. 208; 1922, p . 166; 1923, p. 188 ; 1925 , p. 210; 192 6 , p . 223; 1927, p. 254; 
1929, p . 278; 1930, p . 2 14; 1931, p. 24, p . 129, p. 203; 1939 , p. 37; 1950 , 
p. 112 ; 1952, pp . 125-127; 1953, p . 103; 1954 , p . 111; 1955, p . 39 ; 1956 , 
p . 71; 195 7 , p. 32 . 

Coar se sphale rit e , gale na , pyr ite a nd tetrah edrite and chalcopyrite 
occu rs in stringers and ve in s in sandstones and argillites of th e Pasayte n 
Formation, n ea r th e Treasure Mountain (Chuwan ten?) fault zone. A t o t a l o f 
39, 558 ounces of si l ver, 379, 532 pounds o f l ead and 88,455 pounds of z in c 
we r e shipped from th e min e prio r to 1952. 
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(b ) Eureka property (7) 

R efe r e n ce s : Min ister of M ines, B. C., Ann. Rept . , 1923, p . 189; 1924, 
p . 170; 1 925, p. 2 1 1 ; 1926, p. 223; 1928, p. 267; 193 1, p. 130; 1952, 

p p . 129 - 130. 

Mineralization is of a s imilar type to that of the Silver Chief. Pro 
du ction up unti l 1952 was 8 7 3 ounces silver, 12,825 pounds l ea d and 13,624 
pou nds z inc. 

(c) Other properties in Summit Camp 

1 . Indiana. 

Refere n ces: Minister of Mines, B. C., Ann. Rept., 1896, p. 573; 1898, 
p . 11 12; 1899, p. 742; 1913, p. 228 - 229; 1917, p. 208; 1919, p. 172; 1926, 
p. 223; 1928, p. 266; 1952, p. 132 - 33. 

2. Southern Frac tion No. 8. 

Reference: Minister of Mines, B. C., Ann. Rept., 1952, p. 130. 

3. Bluebell. 

References: Minister of Mines, B. C., Ann . Rept . 1920, pp. 160-162; 1921, 
p . 180; 192 6, p. 224; 1927, p . 254; 1952, pp . 130-132. 

4 . Summit. 

References: Minister of Mines, B . C., Ann. Rept ., 1899 , p. 742; 1904, 
p . 300; 1913, p . 229; 1921, p . 180; 1922, p. 126; 1952, p. 133 . 

5 . Que en Bess . 

References: Minister of Mines, B . C., Ann. Rept., 1927, p . 255; 1928, 
p . 266; 1929 , p . 278; 1930, p . 215; 1952, p . 215. 

6 . Rook . 

Refere n ce: M inister of M ines, B . C . , Ann . Rept. , 1967, p . 66 . 

3 . Skagit R iver area. 

The reported discovery of gold on Sh awatum (formerl y Steam.boat) 
Mountain in 19 10 stimulated prospecting in the area. This -resul ted in a n um 
ber of low grade silver , copper, l e ad and zinc discoveries in the areas 
a r ound the junction of Sumallo and Skagit rivers and n orth of Shawatum 
Mountain. Small shipments of ore were made from some of these properties. 
Intermittent prospecting resulted in t he discoveries of copper and silver 
l ead - zinc prope rties (the AM and Inve rma y) in the 1930s, and inter es t in t he 
area has continued to the p r esent day . 

The orebodies are dive rs e in character and mineralogy . They are 
mainly in rocks of the Hozameen Group (unit 1) and to a lesser extent in adja 
cent Mesozoic rocks, near the trace of the Hozameen Fault and near small, 
post - faulting quartz diorite stocks (unit 19). 

Up until 1944 the Skagit area produce d 11,477 ounces of silver, 
26, 54 1 pounds of lead and 12, 163 pounds of zinc. 



- 6 2 -

(a) AM property (8) 

Main references: Minister of Mines, B . C. , Ann. Rept . , 19 38 , pp. F l0-Fl3, 
pp. F23 - F27; 1949, pp. 2l0- 2 i 3; 1954, pp. 152 - 159; 1959, pp. 122 -1 24; 
1964, p. 136 ; 1965, pp . 206 - 213; 196 7 , p. 66 . 

Mineralization occu rs in a p ipe - like breccia in fine - grain ed, tuffa 
ceous p e lite of th e Ladner G r oup (5). These rocks are cut by ultramafi c , 
mafic and quartz dio ri te sills a nd dykes and by a quartz diorite stock. The 
o r e i s in pocket s in the matrix of the breccia and in l esse r amounts in vein 
l e ts c utting both breccia fra gments and matrix. It consists of pyr rhotite, 
chalcopyr ite and smaller amounts of pyrite. A gouge zone cutting the br ecc ia 
contains l enses of mass i ve arsenopy r ite, pyrite and chalcopyrite . Molybdenite, 
ma gn e tit e, uranit e, scheelite and galena are a ls o reported . 

In 196 1, Canam Copp e r Co. Ltd., est i mated the reserve of p o t ential 
ore as 2, 0 69 ,500 tons, g radin g l . 4 per cent coppe r, 0. 026 ounce per ton 
gold and l. 00 oun ces per ton silver. 

(b ) Inve rmay prope rty (originally Norwegian Group) (9) 

References : Minister of Mines, B . C., Ann . Rept . 1938 , p . F :3 - F26; 1965 , 
pp . 206-21 3 . 

Minerali zation i s in a stock of quar tz diorite and occu rs as ( l ) l en 
s es a nd bands of sphale rite and gal e na wi th quartz in shear zon es a nd as (2) 
gra ins and pockets of pyr it e and chalcopyrite in tourmalin e - rich laye r s . 

(c) Hope property (10) 

R e f e r e n ces: M ini ster of Mines, B. C. , A nn. Rept . , 1929 , pp . 242-24 3; 1938 , 
pp. Fl4-Fl6; 1967, p. 66. 

Conta ct metamo rphose d impur e l imestone contains di sseminated 
chalcopy r ite, sphale rite, pyrite, magnetite, specul ar h ematite an d minor 
ga l e na associated with act inolite, garnet, ca l ci t e , quart z, and e pidote. 

(d) Mammoth prope r ty (ll ) 

R e ferenc e s: Ministe r of Mines, B. C., A n n . Rept . , 192 0, p. 171 ; 1 923, 
p. 164; 1 927, p . 210; 1929, p . 241; 1955, p. 74; 1962, p. 89; 1964, p . 137 ; 
1965, p. 213. 

Diss eminate d pyrrhotite , sphalerite and chalcop yrite are in pyro 
xeni te dyke s w hich intrude cherty r ocks o f the Hozam een G rou p. Schee li te 
a nd molybdenit.e have a l so b een reporced from thi s pr operty . 

(e) D and J property (12 ) 

R efe renc es : Ministe r o f M ines , B. C., A n n . Rept ., 1 9 1 5 , p . 265 ; 1923 , 
p . 164; 1 938 , p. F 9 , Fl l ; 1948 , p. 154; 1962, p. 90. 

Geol. Sur v . Can., Summ. Re pt. , 1 9 11 , p . 122 ; 1920 , Pt . A, p . 39; 
1922 , Pt. A, p. 12 2. 
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Pyrrhotite, chalcopyrite and minor sphale rit e with sporadic string 
ers of arsenopyrite and minor gal ena fr om fracture fillings in c h ert, v ol
can i c rock and minor limestone of the H ozameen Group. 

(f) Gold Coin prope r ty (13) 

Refe r e nc e s: Minister of Mines , B. C., A nn. Rept ., 1929, p. 241; 1 938, 
pp . Fl6 -F2 0 ; 1950, p . 167;1958, p . 55; 1960, p. 8 7; 1961, p. 86 . 

Pyr rhotite, sphalerite, arsenopyrit e , chalcopyrite and galena occur 
in numerous parallel ve ins in fine - g rained gr eenstone of the Hozameen Group. 

(g) Silver D aisy p r ope rty (14) 

Refe r e nc es : Ministe r of Mines, B. C., A nn. Rept., 1938, pp. F27-F28 ; and 
va r ious r e ports b etween 19 13 and 1929. 

Pyrrhotite, sphalerite, chal copyrite and gal e na are in a she ared 
quartz vein in c h e rt of th e H oza mee n Group. Small shipments of ore we r e 
made from the prope rty between 1916 and 1929. 

(h) Rainbow p roperty (15) 

References: Minister of Mines, B . C . , Ann. R e pt . , 19 14, p. 363 ; 1915, 
p. 264; 1927, p. 21 1 . 

Silver and zinc w i th m in o r coppe r and go l d are r e ported from. this 

property. 

(i) Inte rnational and G randvi ew (16) 

R ef e r e nces: M ini s t er of Mines, B. C . , Ann. Rept., 1915, p. 265; 1929 , 
p . 241; 1938 , pp. 22F - 2 3 F . 

These are th e oldest recorded claims in the Skagit area . Galena and 
minor pyr ite and cha l copyri t e occur in a ndeS' ite breccia and tuff of th e Skagi t 
Formation (unit 22) . 

4. Pride of Emory prope rty (17). 

R efe r ences : Cairnes, 1924, Geol. Surv. Can. , Summ. R ept., Pt. A, 
pp. 100 - 106. 

Cockf ield and Wal ke r, 1933 , Geol. Surv. Can., Summ. Rept., 
Pt. A, pp. 6 2 - 68. 

Horwood , 1936, Geol. Su rv . C a n., Mem. 190. 
Aho, 19 56, Econ. Geol. , v ol. 51, pp. 444 - 48 1 . 
M inister of Min e s, B . C . , Ann. Rept., Bacon, 1954, 

pp. 1 6 1 - 16 3 . 
James and Eastwood, 1964, pp. 139 -142; Eastwood and 

Rob inson, 1965 , pp . 215-2 17, plusnumerousprogressreports . 
This has b een the most valuabl e property to date in t h e map - area. 

It w as dis covere d in 1923 and subs e qu e ntly deve lope d by a numbe r of d i fferent 
companies. First or e shipme nts were made between 1933 and 1937 . From 
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1937 to 1959, no ore was shipped although expl oration and development con 
tinued sporadically. Sinc e 1958 ther e has been continuous production from 
the mine, with the shipment of bulk nickel - copper concentrate. Below are 
production figures for the years 1958-1967. 

Year Ore treated Ni - Cu Nickel Copper 
(tons) Concentrates Content Conten t 

(tons) (lb) (l b) 

1958 131, 133 8, 317 1,776,183 744, 657 

1959 124 , 500 6, 01 9 ? 564, 0 63 

1960 250,261 19,995 4,295, 316 l, 578,3 12 
1961 260' 583 21,293 ? 1' 734, 123 
1962 311' 44 3 19' 900 3, 950, 531 1,806,437 
1963 313 ,836 20, 107 4,250,000 2,050, 000 
1964 319 ' 80 1 19, lOO 3, 862,000 1, 952,000 
1965 330, 954 18, 800 3, 770, 000 2,000, 000 
1966 327, 164 18, 387 3, 622,400 l, 822,000 
1967 338, 912 22, 777 4, 750, 957 l, 974,527 

Sorne seventeen orebodies have been outlined in an area of about 
1 l /2 square miles under lain by ultramafic rock (pe ridotite, pyroxenite and 
hornblendite), norite, diorite and r e lic metasedimentary and metavolcanic 
rocks. The orebodies are pipe-like in form with steeply dipping long axes 
and occur in ultramafic rock close to contacts with the diorite . Mineralization 
consists mainly of nickeliferous pyrrhotite, c halcopyrite and pentlandite that 
forms dissen'linated grains, lenses, blocks, intergranular laceworks, veins 
and veinlets . 

5 . Isolated, relatively minor deposits. 

Gold, silver, principal metals . 

(a) Eureka Victo r ia property, located o n Silver Peak, 6 miles west - southwest 
of Hope (18). 

References: Minister of Mines, B. C., Ann . Rept . , 1874, p . 1 5 ; 1875, p . 17 ; 
1890, p. 378; 1902, p. 196; 1921, p. 197; 1924, p. 138; 192 6 , p. 198; 1962, 
p . 92; 1963, p. 90. 

Ca irnes, 1924 , Geol. Sur v. Can., Mem. 139, pp. 152-1 6 0 . 

Disseminated argentiferous tetrahedrite associated with siderite, 
pyrite and quartz is in veins fill in g fracture zones in massive Eocene con
glomerate (unit 21). 

(b) Camrock M ines Ltd. prope rty, located 3 mil es southwest of Hope ( 19) . 

References : Min i ste ~ of Mines, B. C., Ann. Rept. , 1 9 1 1, p. 184; 19 12 
p . 18 7 ; 1913, p. 2 19, 19 14, p. 363; 1915, p. 255; 1918 , p. 240; 1924, p . 139; 
1937, p . A40; 1938, p. A38; 1939, p. 86; 1940, p. 28; 1967, p . 65. 
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This w as formerly own ed by Aufeas Gold Mines Ltd., and a ls o 
Northwest Ventures. Arsenopyrite w i th gold or silve r value s and some chal
copyrite is in f issur e veins . 

(c) Provide nc e Group, lo c ated on west side of Harrison Lake, 28 m iles north 
of Harrison Hot Springs (2 0 ) . 

Referenc e : B . C . D ept . Mines, Bull. 1, p . 145. 

Quartz veins carry pyrite with gold and silver va lues . 

(d) Harry, Murphy, Hope , MC, Jan groups, located 2 mi l e s n orth of Hope 
(21 ) . 

References: Minister of Mines, B. C., Ann . Rept., 1902, p . 196; 1915, 

p. 259; 1964, p . 14 3 ; 1 96 5, pp. 2 18 -1 9; 1967, p . 65 . 

O ldest lode deposit known on mainland British Columbia. Quartz 
vein containing pyrite , chalcopyrite, pyrrhotite and sparse ga l ena . Scheelite 
has been observed. 

(e) Pierce Mt . , Forest Ranger , Mountain Goat g roups, located on Mount 
Pierce (22) . 

References: Minister of Mines, B . C . , Ann . Rept., 1915 , pp . 30 5 - 307. 
B. C . Dept . M ines, Bull. 1, p . 145. 
B. C. Dept. Mines, Bull. 20, Pt. IV, p . 19 . 

Minor gold a nd silver in q uart z veins at contact between Mesozo i c 
r ocks (uni t 4) and 'd iori ti c r ocks ' (unit Bd) . 

(f) B lue Chip property, l oca t e d 1 mile west of Laidlaw near Trans - Canada 
Hi gh way (23 ). 

R efe r e nc e : Minister of Mines , B. C . , Ann . Rept., 1957, p. 66 . 

Narrow stringer s with pyrrhotite, arsenopyr it e an d c h alcopyrit e in 
diorit e . 

C oppe r , principal metal. 

(a) Empr ess prope rt y, located on B ea r Mountain near south e nd of Harrison 
Lake (24) . 

Referenc es : Minis ter of M ines , B . C . , Ann . Rept., 1895, p . 70 1 ; 1896 , 
p. 572; 18 98 , p . 110 3; 1917, p . 286 ; 1 93 1 , p . 17 6; 1965, p. 220. 

Mine ralizati o n is in metamorphosed limeston e at the contac t with 
g ranodiorit e on Bear Mountain and consists of c halcop yrite w ith some bornite, 
togeth e r w ith magnetite, pyrite and mol ybdenite . Or e was shippe d from the 
property b e tween 1915 and 19 17. 
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(b) Anna Group {formerly Contact Group) located on Bear Mountain at south 
e nd of Harrison Lake (24). 

References: Minister of Mines, B. C., Ann. Rept., 1918, p . 290; 1922, 
p. 253. 

Chalcopyrite is in skarn at the contact between crystalline limestone 
and granodio rite on Bear Mountain. Ore was shipped in 1920 . 

(c) Mex, A ndie, Pat , Dot, Lucky. Four groups, located at south end of 
Cheam R idge, from Welch Peak to Foley Creek (25). 

References: Minister of Mines, B. C., Ann . Rept., 1916, p. 264; 1917, 
p. 286, p. 300; 1918, p. 284; 191 9, p. 234, p. 258; 1926, p. 324:1949, 
pp. 214 -21 6; 1950, p. 167; 1951, p. 194; 1952, p . 206: 1953, p . !58; 1954, 
p . 159; 1955, p. 74; 195 6 , p. 115; 1965, p. 219; 1967' p . 64 . 

Chalcopyrite with minor pyrrhotite, arsenopyrite, pyrite and moly
bdenite are in contact metamorphosed rock of the Chilliwack Group (unit 2) 
adjacent to g ranodiorite (unit 24). 

(d) Bea Group, located 3 miles north of Hope (26) 

Referen ces: Minister of Mines, B. C . , Ann. Rept., 1934, p . F!9; !965, 

pp . 217 - 218; 196 6, p. 60. 

Pyrite and chal copyr ite are in c rushed graniti c rock a l o n g Hope 
Fault . 

(e) PR, Da v id, Skidoo groups, located near head of Jim Ke ll y Creek. 
Approximate ly 20 miles east - no r theast of Hope . 

References: Minister of Mines, B . C ., Ann . Rept . , !965, p . ! 6 1; 1966 , 
p. 174 (older r eports for same area in Minister of M ines , B . C., Ann. Re p t . 
19 1 3 , pp. 232-3; 1937, pp. D2 1 -D22. 

Pyrrhotite and c ha: .opyr ite occur sporadically in altere d g raniti c 
r ocks . 

(f) PF, Midnight g roups , l ocated on south side of Mount Agassiz (28) . 

Reference: Minister of Mines , B. C., Ann . R e pt., 1966, p. 6 2 . 

Coarse pyri te , chalcopyr ite and m inor quartz fi ll f ra c tures in 
M e s ozoic sedimentary rocks. 

(g) Ascot, J es , Gloria, J. g r oups (29), located on s outhwest end of Mount 
A gassi z . 

Reference : Minister of Mines, B. C., Ann. Rept., 1966, pp . 62 - 3 . 
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Chalcopyrite, pyrite and sphal erite occur in volcanic rock of the 
Harrison Lake Formation at southwest end of Mount Agassiz. 

(h) Seneca, Lucky Jim, Harrison Group (30). 

References: Minister of Mines, B. C., Ann. Rept . , 1961, p. 88 ; 1962, 

p. A47, p. 93 . 

Pyrite, chalcopyrite and sphalerite are in vol canic rock of the 
Harrison Lak e Formation in the lowe r Chehalis River valley. In 1962, c rude 
o re containing 17 ounces gold , 959 ounces silve r, ?,118 pounds copper and 
40, 6 57 pounds of zinc was shipped. 

(i) C. M . property, located on north side of Pee rs Creek, immediately east 
of its junction with Coquihalla Rive r (31 ). 

Reference: Minister of Mines, B . C., Ann. Rept ., 1967, p . 67 . 

(j) M ount Chearn No. 2 property, located on norti; side of Cheam Peak (32 ). 

Refe r ence : Minister of Mines, B. C ., Ann. Rept . , 1966, p . 6 1. 

Quartz veins in limestone of the Chilliwack Group (unit 2) carry 
sparsely distributed chal copyrite and pyrrhotite. 

Lead, zinc , principal Tnetals. 

(k) Hop e Group, l ocated on the Coldwater River valley, midway between 
Coquihalla and Jul iet (33) . 

References : Minister of Mines, B. C . , Ann. Rept., 1936, pp . D3 ! - D32; 
1954, p . 11 3; 1965 , p. !60; 196 6 , p . 171. 

Pyrite, ga l e na, sphalerite, t etrahedr [te and rare chalcopyrite 
together w i th quartz and carbonat e gangu e form ve ins in the Eagle G rano 
diorite (unit 13). 

( l) Mag and L y , Ford, Snow, D ora etc . g r oups (34). 

Referenc e : Min ister of Mines, B . C., Ann. Rept . , 1966, pp. 171-172. 

Diss em inated pyrite, sphalerite, galena and chal copyrite are in 
alte r ed porphyritic quartz monzonite or quartz diorite. 

(m) Faith G r oup (forme rl y Dolly Varden) , located at south e nd of Ch illiwack 
Lake (35) . 

References : Minister of Mines, B. C . , Ann. Rept .. , 1923, p. 262; 1926 , 
p. 324; 1930, p . 3 1 5. 

Minor sphale rite and galena are in quartz ve ins in shear zon es in 
gran od iorite. 
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(n) Elkhorn property, located at northeast end of Greendrop Lake (36). 

Reference: Cairnes, C. E., Geol. Surv. Can., Summ. Rept. 1923, Pt. A, 
pp. 70-72. 

Galena, sphalerite and pyrite, together with quartz and calcite form 
veins in a zone of fracture in gneiss (unit C). 

Molybdenum, principal metal. 

(n) Gem property, located near head of Clear Creek on east side ofHarrison 
Lake (37). 

References: Minister of Mines, B. C., Ann. Rept., 1963, pp. 91-92; 1964, 
pp. 143-144; 1965, pp. 219-220; 1966, p. 61; 1967, p. 67. 

Young and Airds, 1969; Can. Inst. Mining Met. Bull., vol. 62, 
No. 681, pp. 41-45. 

Molybdenite, locally associated with minor amounts of pyrrhotite, 
pyrite, scheelite, chalcopyrite and sphalerite occurs in quartz veins in a 
pipe-like breccia composed of metamorphic rocks, granite and quartz mon
zonite porphyry, cemented by quartz monzonite porphyry. 

(o) Mary Jane and Annie Lou property, located on mountain about 2 1/2 miles 
southeasterly of Cheam View, on the south side of Fraser Valley (38). 

Reference: Minister of Mines, B . C., Ann. Rept., 1918, pp. K286-287. 

Molybdenite in quartz veins in shear zones in granodiorite . 

Other metallic m ineral occurrences in map-area, too improcisely located to 
show on map. 

(a) APM, Bear, King, Calico, Len claims, located about 7 miles south by 
logging road from Hope-Princeton highway, from Allison Pass Saw Mills. 

Reference: Minister of Mines, B. C., Ann. Rept., 1966, pp. 59-60; 1967, 
p. 65. 

Galena, sphalerite, molybdenite, chalcopyrite, pyrrhotite and pyrite 
are in a zone of altered, brecciated, and silicified argillites of the Hozameen 
Group intruded by dioritic rocks and numerous basic dykes. 

(b) Valley View property, lo cate d on east side of mountain 4 l/2 miles west 
of Agassiz. 

Reference: Minister of Mines, B. C., Ann. Rept., 1961, p. A47, p. 88. 

Chalcopyrite-bearing quartz ore. 

(c) June, Tee Cee groups located at southern end of Harrison Lake south of 
Green Point Park. 
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Reference : Min ister of M ines, B . C . , Ann. Rept., 1967, p . 67 . 

(d) Iago, Mac, Max, Bar Groups , located about 15 miles northeast of Hope. 

Reference: Mini ster of Mines, B. C., Ann. Rept., 1966, p. 6 1. 

Dykes w i th molybdenum and chalcopyrite are in pegmatitic granite. 

NON - METALLIC DEPOSITS 

l. Mainl y Talc, Silica, Asbestos 

(a) Gisby Group, located on west bank of Fraser River immediately south of 
the confluence with the Nahatlatch River. 

Reference : Min ister of.Mines , B . C . , Ann . Rept., 1965, pp. 276 - 278. 

Silica and talc in slaty argi ll ite. 

(b) Clover Leaf property, located at lower end of Ruby Creek, 8 miles west 
of Hope . 

Referenc es : Minister of Mines , B. C., Ann . Rept., 1966, p. 276; 1967, p. 64. 

Talc in shear zone in serpentinite . 

(c) Wahl e ach Creek . 

Referenc e : Min i ster of Mmes, B . C., Ann. Rept., 1960, p. 133 . 

Acti n o li te in fractures in 'altered' diorite . 

(d) Harr i son Lake, east side . 

Reference: Minister of Mine s, B . C., Ann. Rept . 1960, p. 133. 

Light to dark green fibrous tremoli te . 

2 . Lime, Trave rtine 

(a) Rosedal e Ma rl Lime Products L td . , l ocat ed l l /2 miles southea s t of 
Rosedal e . 

Reference: B. C. Dept. Mines, Bull. 40 , p . 100. 

Small trave r tine deposit. 

(b) Marble H ill Travertine deposit , located 4 . 9 miles by road sou th west of 
Rosedal e. 

Reference : B. C . D ept. M ines, Bull. 40, p . 100 . 

Trave rtine d e p os it . 
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(c) Fraser V alley Lime S u ppl ies, located on east side of Trans- C anada 
Highway, 3/4 mile east of Popkum Station. 

Reference: Minister of Mines, B . C., Ann. Rept., 1947 to 1967 ( inclusiv e ). 
B . C. Dept. Mines, Bull. 40, p. 42 . 

Limestone quarried from the Chilliwack Group (unit 2) . 

(d) Agassiz Lime Quarry, deposit is 2 miles southwest of Agassiz. 

Reference: Minister of Mines, B. C., Ann. Rept., 1947 to 1958 (inclusive). 
B. C. Dept. Mines, Bull. 40, 1957, p . 43. 

(e) Cheam Marl Products. 

Reference: Minister of Mines, B . C., Ann. Rept., 1947-1967 (inclusive) 

3. Construction Materials 

(f) Valley Granite Products Ltd., quarry located on west side of Trans 
Canada Highway about 10 miles west of Hope . 

Reference: Minister of Mines, B. C . , Ann . Rept . ,1947 - l967 (inclu s ive) . 

Gra nite is quarried; principal m arket s are sand bla s t ing m ater ial, 
f iller, roof ing rock, s tucco d ash , conc r e t e m ix a nd poultr y g rit . 

(g) Sand and g r avel. 

The r e a r e nume r ous small s a nd and g rave l quarri e s in the area, 
mainly in the Fras er Vall e y , that ar e worked inte r mitt e ntly . 



Aho, A.E. 
1956: 

- 71 -

REFERENCES 

Geology and genesis of ultrabasic nickel-copper-pyrrhotite deposits 
at the Pacific Nickel Property, southwestern British Columbia; 
Econ. GeoZ ., vol. 51, pp. 444-481. 

Arkell, W.J. 
1956: Jurassic geology of the World; Oliver and Boyd, Edinburgh and 

London. 

Ar mstrong, J.E. 
1960: Surficial geology, Chilliwack (west half) map-area, British 

Columbia; GeoZ . Surv . Can ., Map 53-1959. 

Armstrong, J.E., Crandell, D.R., Easterbrook, D.J., and Nobel, J.B. 
1965: Late Pleistocene stratigraphy and chronology in southwestern 

British Columbia; BuZZ . GeoZ . Soc . Am. , vol. 76, pp. 321-330. 

Armstrong, J.E., and Fulton, R.E. 
1965: Pacific Northwest, f ield conference; Guidebook of Internatl. Assoc. 

Quat. Research, VIIth Congress, pp. 98-105. 

Baadsgaard, H., Folinsbee, R.E., and Lipson, J. 
1961: Potassium-argon dates of biotites from Cordi lleran granites; 

BuZZ . Geol . Soc . Am., vol. 72, pp. 689-702. 

Burley, B.J. 
1954: A study of some volcanic rocks from Harrison Mills, British 

Columbia; Univ. British Columbia, unpubl. M.Sc. thesis. 

Cairnes, C.E. 
1923 : Reconnaissance of Silver Creek, Skagit and Similkameen rivers, Yale 

district, British Columbia; GeoZ . Surv . Can., Sum. Rept. for 1922, 
Pt. A, pp. 46-80. 

1924: 

1930: 

1937: 

1944: 

Camsell, C. 

Coquihalla area, British Columb ia; GeoZ. Surv . Can ., Mem. 139. 

The serpentine belt of Coquihalla Region, Yale district , British 
Columbia; Geol . Surv . Can., Sum. Rept. for 1929, Pt. A, 
pp. 144-197. 

Geology and mineral deposits of Bridge River mining camp, British 
Columbia; GeoZ. Surv. Can., Mem. 213. 

Geology of Hope area, British Columbia; GeoZ. Surv. Can., Map 737A. 

1913: Geology and mineral deposits, Tulameen district, British Columbia; 
GeoZ . Surv . Can ., Mem. 26. 

Challis, G.A. 
1965: The or~g~n of New Zealand ultramafic intrusions; J. Pe tro l ., 

vol. 6, pp. 322-364. 

Coates, J.A. 
in press: Stratigraphy and structure in Manning Park area, southwestern 

British Columbia; GeoZ. Assoc. Can., Spec. Paper 6. 



- 72 -

Cockfield, W.E. 
1948: Geology and mineral deposits of Nicol a map - a r ea , British Co lumbia ; 

Geol . Surv . Can . , Mem . 249. 

Crickmay, C.H. 
1925: The geology and palaeontology of the Harri son Lake di strict, 

British Columbia, together <vith a gene r al r eview of the Jurassic 
faunas and st r a t igraphy of wes t ern No rth America; Stanford 
University, unpubl. Ph .D . thes i s . 

1930a: 

19 30b : 

1962: 

Crickmay , 
1963 : 

The structural connec tion bet<Veen the Coast Range of British 
Columb ia and the Cascade Range of Hashingt on; Geol. Mag ., vol. 67, 
pp . 482-491 . 

Foss ils fr om Harrison Lake a rea, British Col umbia; Na tl. Mus. Can ., 
Bull. 63, pp. 33-113 . 

Gr oss strati graphy of Harrison Lake area, British Columbia; Eve lyn 
de Mille Books, Calgary (publ. by author). 

C. H., and Pocock, S . A.J. 
Cretaceous of Vancouver, Briti s h Co lumbia, 
Petrol. Geol . , vol . 47, pp . 1928-1942 . 

Canada; Bull . Am. Assoc . 

Cr ook , K. A. W. 
1964: Cleavage in weakly deformed limestones ; Am. J . Sci ., vol. 263, 

pp. 512-5 31 . 

Daly, R.A. 
1912: Geo logy of t he North American Cordillera at the forty-ninth 

par allel; Geol . Surv . Can. , Mem . 38. 

Danne r, W. R. 
195 7 : Stra tigraphi c reconnaissance in the northweste rn Cascade Mo unt ains 

and San Juan Island of Hash ing t on State; Univ. Wash ington, unpubl. 
Ph . D. thesi s . 

1960: 

1966: 

1967: 

1968: 

Dott, R.H. 
1961: 

Pal eozoic e ugeosynclinal sequence of southwes t ern British Co l umbia 
and northwestern 1-Jashington ; Bull. Geol . Soc . Am ., vo l. 71, p. 2054. 

Limestone resources of weste rn Hashing ton; ivashington State Div . 
Mines Geol . , Bull. 52. 

Devonian of Washington, Oregon and wes t e rn British Columbia; 
International Symposium on the Devonian System; Alberta Soc . Petrol . 
Geol ., pp. 827-842 . 

An introduction to the stra tigraphy of southweste rn British Co lumbia 
and northwes t ern Washing t on; Univ. British Columbia; Guidebook for 
geological field trips in southwes t e rn British Columbia, pp. 2- 12 . 

Permo-Triassic diastrophism in the Western Cordilleran region; 
Am . J. Sci ., vol. 259, pp. 561- 582. 

Duffell, S., and McTaggart, K.C. 
1952: Ashcroft map- area, British Columbia; Geol . Surv. Can ., Mem. 262. 



73 -

Frebold, H., Tipper , H. W., and Coates, J.A. 
1969: Toarcian and Baj ocian rocks and guide ammonites from so u th1ves tern 

Briti sh Co l umb i a ; Geol . Surv . Can., Pape r 67-10. 

Hawkins, J. W. 
1968: Regional metamo r phism, me t asomatism and partial fusion in the 

north~Vestern part of the Okanogan Range ; Bull. Geol . Soc . Ar~ ., 
vol . 79, pp . 1785- 1820 . 

Holland, S.S. 
1964 : Landforms of British Columbia ; British Columbia Dept . Nines Petrol . 

Resources , Bull . 48 . 

Hor~Vood, H.C. 
1936 : South part of Fraser River Harrison -Lake r eg i on, Brit i s h Columbia ; 

Geo l . Surv. Can . , Pape r 36 - 4 . 

Jeletzky, J . A. 
1965: Late Upp e r J urassic and earl y Lower Cretaceous f ossil zones o f the 

Canadian Wes tern Cordillera; Geol . Surv . Can ., Bull . 103 . 

Jeletzky, 
1968 : 

J . A. ,and Tipper, H.W . 

Leech, G.B. 
1953 : 

Upper J ur ass i c and Cretaceous rocks of Taseko Lakes map - area and 
th e ir bear ing on the ~eolog i ca l histor y of s outhwestern Briti sh 
Columbia ; Geo l . Surv . Can ., Pa per 67 - 54 . 

Ge ology and mineral deposit s of the Shulaps Range , British 
Columbia; British Columbia Dept . Mines , Bull. 32. 

Leech, G. B. , Lowdon, J . A. , Stocklvell, C.H., and Wanless, R. K. 
1963: Age determinations and geological studies; Geol . Surv . Can ., 

Paper 63-17. 

Mathews, W. H. 
1947: Calcareous depo si ts of th e Geo rgia Strait area; Briti sh Co lumbia 

Dept . Mines , Bull . 40. 

1968: Geomo rphology , southwe s tern Bri t ish Columbia; Un i v. British 
Columbia, Guid ebook for geological field trip s in southwestern 
British Columbia, ~P· 18- 24. 

Maymay , S.H., and Read, C.B . 
1956 : Add itions t o the flora of the Spotted Ridge Forma t i on in central 

Oregon; U. S . Geol . Surv ., Prof . Paper 274-I . 

McMillan, W. J. 
1966: Geology of Ve dder Mo unta i n , nea r Chilliwack , Br itish Columbia; 

Uni v. British Columbia , unpubl. M. Se . thesis . 

McTaggart , K.C., and Thompson, R.M. 
1967: Geology of part of the northern Cascades in southern British 

Co lumbia; Can . J . Earth Sci ., vol . 4, pp. 1199- 1228 . 

Merriam, C. W., and Be rthiaume , S. A. 
1943: Late Pa l eozoic formati ons of cen tral Oregon; Bu l l . Geol . Soc. Am. , 

vol. 54, pp . 145- 171 . 



- 74 -

Miller, 
1963: 

G.M., and Misch, P. 

Misch , P . 
1966: 

Early Eocene angular unconformity at western front of Northern 
Cascades, Wha t com Country, Washington; BuZZ . Am. Assoc . Petrol . 
GeoZ ., vol. 47, pp. 163-174. 

Tectonic evolution of the Northern Cascades of Has hington State: in 
Can . Inst. Mining Met ., Spec. vol. 8, pp. 101-184. 

Monger, J.W.H. 
1966: The stratigraphy and structure of the type area of the Chilliwack 

Group, southwestern British Columbia ; Univ . British Columbia, 
unpub l. Ph.D. thesis. 

Morris, P.G. 
1955: A petrological study of intrusive rocks along the Fraser Canyon 

near Hells Gate, British Columbia; Univ. British Co lumbia, unpubl. 
M.Sc. thesis. 

Orr, J. F . W. 
1967: Description and petrology of a complex basic and ultrabasic 

intrusion in Wahleach Canyon, near Hope, British Columbia; Univ. 
British Columbia, unpubl. B.Sc . thesis . 

Obsorne, W. W. 
1966: Geology of the Coquihalla Serpentine Belt be t'veen Spuzzum and 

Boston Bar; Univ. British Columbia, unpubl. M.Sc. thesis. 

Powers, R.W. 
1962: Arabian Upper Jurassic carbonate reservoir rocks; Am . Assoc . Petrol . 

Read, P.B. 
1960: 

GeoZ., Mem. 1. 

The geology of the Fraser Valley between Hope and Emory Creek, 
British Columbia; Univ. British Columbia , unpubl. M.S c. thesis . 

Rice, H.M.A. 
1947: Geology and mineral deposits of Princeton map-area, British 

Columbia; GeoZ. Surv. Can., Mem . 243. 

Roddick, J.A. 
1965: Vancouver North, Coquitlam and Pitt Lake map-areas, British 

Columbia; GeoZ . Surv . Can . , Mem. 335. 

1966: 

Roddick, 
1969: 

Coast crystalline belt of British Columbia: in Can. Inst. Mining 
Met . , Spec. vol. 8, pp. 73-82. 

J.A., and Hutchison, W.W. 
Northwestern part of Hope map-area, Br itish Columbia .(92 H W/2) : 
in Report of activities, April to October 1968; GeoZ. Surv. Can ., 
Paper 69-lA, pp. 29-38. 

Roddick, J .A. , Wheeler, J.O., Gabrielse, H., and Souther, J.G. 
1967: Age and nature of the Canadian part of the Circum-Pacific Orogenic 

Belt; Tectonophysics, vol. 4, pp. 319- 337. 

Skinner, J.W., and Wilde, G.L . 
1966: Perrnian fus ulinids from Pacific northwest and Alaska ; Uni v. Kansas, 

Pal. Contr., Paper 4. 



- 75 -

Tipper, H.\~. 

1968: Northeastern part of Mount Waddington map-area, British Columbia 
(92N): in Report of activities for May to October, 1967; GeoZ. 
Surv. Can. , Paper 68-lA, pp. 53-55. 

Wanless, R.K., Stevens, R.D., Lachance, G.R., and Edmonds, C.M. 
1967: Age determinations and geological studies; GeoZ. Surv. Can ., 

Paper 66-17. 

ADDENDUM 

The following comments and additional references were received 
from the author after the text of this report had been prepared 
for prin ting. 

page I: before final sentence add: "McTaggart (in press)l has recently 
described th e development of the Cascade Mountains in Canada." 

page 23: 

page 2 8 : 

page 35 : 

page 49: 

para. 2, after Alexandra Bridge delete period and add: "according 
to Roddick and Hutchison (1969 ) but possibly could come from the 
Mount Lytton batholith (K . C. McTaggart, pers. comm. ). " 

aft e r para. 4 add: "A major landslide, the Hope slide of 9 January 
1969, was described by Mathews and McTaggart (1969) 2 ." 

aft e r para . 3 delete period and add: "and its continuation south of 
the International Boundary by Misch (1966, 19672)." 

after para. 2 add : "Possibly a branch runs northweste rly from 
near the northern limit of th e map - area and connects with the 
ultramafic belt in the southwestern part of the Ashcroft map
sheet. " 

pa ge 51: after para. 1 add: "The cause of the northe ast-trending folds is not 
known although Crickmay (l930a ) suggested that they result from 
th e buttressing effect during deformation of the Coast Range batho 
lith to the northwe st". 

1 

2 

3 
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