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ABSTRACT

The stratigraphy and structure of Upper Palaeozoic and Mesozoic sed-
imentary and volcanic rocks, and of amphibolitic rocks of unknown age,
were studied in an area of about 140 square miles in the Céscade Mountains
of‘southWestern British Columbia.

The émphibolitic rocks are probably of.diverse origins; their strat-
igraphic relationship to the other rocks is not known, although they may,
in»paft, be equivalent to pre-Devonian rocks in northwestern Washington.

Upper Palaéozoic rocks comprise the Chilliwack Group. The base is
not exposed. O0Oldest rocks are volcanic arenites and argillites which are
overlain by an argillaceous limestone, about 100 feet thick, in which
Early Pennsylvanian (Morrowan) fusﬁlinids occur. Apparently conformably
overlying thé limestone is a succession of argillites, coarse volcanic
arenites, minor conglomerate and local tuff, which contains both marine
and terrestrial fossils and ranges in thickness from 450 to 800 feet. A
cherty.limestone, generaliy about 300 feet thick, in which there is an
Early Permian (Leonardian) fusulinid fauna, is conformable upon.the clastic
sequehce..‘Altered lavas and tuffs are in part 1atefally equivalent to
this Permian limestohe, and, in part, overlie it; these volcanic rocks
range in thickness from 700 to 2,000 feet.

| Diséonformably abofe the Permian volcanic rocks are argillites and
volcanic arenites of the Cultus Formation. This formation is apparently
about 4,000 feet thick, contains Late Triassic, Early and Late Jurassic

,fdssils and no stratigraphic breaks have been recognized. within it.
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A1l of these focks»uﬁderwent two phaseé of deformation between Late
Jurassic and Miocene time. The first phase, correlated with mid-Cretaceous
deformation in northwestern Washington, was the most severe, and.thrusts
and majof, northeast-trending recumbent folds were formed. These structures
sﬁbsequently wefe‘fqlded énd’faulted along a northwest trend, possibly in

response to differential uplift of the Cascade Mountains.
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INTRODUCTION

Purpose and scope of investigation’

. The sfratigraphyvof many sedimentaryAand volconio rock assembléges”
in the Weétern Cordillera, partibularly'those-of_Palaeozoic-age, is |
very poorly known ThiSvisﬂdﬁé.to oeverél factors, among which are the
prlorlty given by the varlous geologlcal surveys to reconnaissencemmapping,
to terrain which is commonly rugged and inace551ble, and te the generally‘wlﬁ
complex'structuros'encountered in the region. Thorefore, W.R. Danner
suggested” that the writer make an 1nten31ve study of the Upper Palaeozeic
'iChilliwack Group in - the small,\readlly acce551b1e area in southwestern
British.Columbia where the group had first been 1nvestigated by R.A. Daly
: (1912), with the ebject of obtaining as much informatien as possible en
its stratigraphic composition.

As ihe invesfigation proceeded it bocame evident that the structural
 complexity of the area was such that.if any definite statement was:to be
made on the stréfigraphy of the Chilliwack Group, mere emphasis_Would
hare_to be placed on structural geologyithan was originaliy intended.
Consequently, this thesis is a study of the stratigréphy andvstructﬁro
of the area in which the Chilliwack Group was first described, rather
than an'accouht of the Chiliiwack'Group alonoa Thé generalinature and
relationships between rock stratigraphio units of fermational status are
“describeda Palaeontological study is 1argely restricted te identificatien
of fusulinids in Palaeczoic rocks, and cephalooods in Mesozoic rocks,
these fossils providing the mosf precise stratigraphic dates. As the

inﬁerpretation of the structure of the area 1s based partly en a study
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of minor structures, these are described in seme detail.

Loecation and accessibility of the type-area of the Chilliwack Group

In 1912, DPaly described four stratigraphic sectiens, which provided
the basisrfor his "Chilliwack Series“, or ChilliQaék Group, as it is now
designated. As these sections were measured in, and just south of the
valley'of:Chilliwack River, it is justifiable to régard.this valley as
the type-area of the Chilliwack Group.

“Chilliwack Valley is located in southwestern Briﬁish Columbia,
approximately 70 miies east of Vancouver, about 6 miles:southeaét ef
the town of Chilliwack, and about 6 milés north eof the Internatienal
‘Boundary (Figure 1) It lies within the Skagit’Range, on the western
flank of thé Cascade Mountains of British Celumbia, which are the north-
érly'extensibn of the Northern Cascade Mountains of northwestern Washingtonb
(Smith and Calkins, 1904, p.l4, Fenneman, 1931, p.422, Holland, 1964,
p.4l and map).v | o |

The area investigated by the writer includes.much of Chilliwéck '
Valley; ahd‘is bounded on the west by Cultus Lake Valley, on the nerth-
“west by Fraéer Lowland (Holland, 1964, p,36), on the east by Chéam Range

éhd réughly'by thé_divide between Slesse and Nésékwatch Creeks, and oen - .
' the south by the International Boundary. This area is referred fo subse--
quently as the Chilliwack valley map-area.

Access to mosf parts of the map-area is good. A largély unpaved all-
weather road from the settlement of Vedder Crbssing, which is just wést,
of the map-area, continues parallel to Chilliwack River és far as Chilli-

wack Lake, east of the map-area (Plate 1). LQgging'roads, in various
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states of repair, follow ﬁost of the major tribuﬁary streaﬁs of Chilliwack
River and ascend several of the mountains. In the north and northwest
parts of the'map—area; logging roéds govupithe'mOuntainsAdirectly from.

the flood plainkof Fréser River. A few British Coiumbié Forest Servicev

~ trails run'into some of the more inaccessible areas. No permission is -
jnéeded.to gain acééss-to mest of the map—area;_és it lies largely within

Chilliwack Provincial Forest. -
 Climate and vegetation

The climate is mild, with moderate precipitation. At Cultus Lake,
on the Wést side of_the map-area, the average annual mean temperatufe,'
over a:pefiodféf'lO»years,Ais 49ojFahrenheit, and the average annual
toﬁal preéibitaﬁion, over a peried of 24 years,‘is 58 ihches (British'
Columbia Department of Agricultﬁre, 1957). Accumulated winter snow per-
sisﬁs on seme‘mountain slopes down to an'altitude of 5,000 feet,‘until‘_
late June or early July. Dufing the two full field seasons (1962, 1963)
spent in the_map—afea, steady rain and low cldud hampered field work
vduring much Qf June, énd'early July; fine weéther predominéted'in late
July, August and early Sepfember. |

Below 5,000 feet altitude forest vegetatién is prolific (see Fig-

: ﬁre 2). Where virgin foreéf.is present it conﬁains the typical Ceast
VFofest floré with predominént'ﬁouéléé fir (Pseudotsuga), hemlock (nggg)
and cedar (Thuja). Balsam (Abies) isvcémmén at higher altitudes. Destruc—
‘tion of this forest by extensive logging operatiens and'fo£est fires has
resulted in the development of dense second groch over moét of fhe lower

slopes of the mountains. Travel in this second growth is extremely .



Figure 2: Chilliwack Valley. View looking east, from
the northeast side of Church Mountain.



.
arduous and time consuming, in contrast to the relative ease of travel
in the mature, virgin timber. Above an altitude of 5,000 feet alpine

meadowland predominates; abeve 6,000 feet vegetation is sparse.

Physiography

Physiogréphicaliy the maé-areavis in the soﬁthwestern part of the
Cascade Moﬁntains of British Célumbié (Holland, 1964). The topogréphy,
of the map—afea isffugged, with an a&erage relief of about 5,000 feét:;fa
The mOuntains rise steéply'ffom the flood-plaiﬁ'ef FraservRiver; of
apprbximately lOO feet'elevatioﬁ, to heights of about 4,500 feet in the
westband néfthwestérn parts of the méanrea, and increase in height east-
ward to a ﬁaximum of about 7,0QO feet on the eastern margins of the map-
area. | | |

”The-map—areéflies:withih the'drainage-basin of Chilliwack‘River,
with theléxéeptibn of the_slopeé_éf.thegmountains in the nerthwestern
part. éf‘tﬂe méﬁ;aféé,fﬁhibh‘fOrm the south side of Fréser Vailey, and
wﬁich are drained by étreamsvrunning directly into Fraser River. Orien-
tation of many creeks aﬁd the rectangulaf’drainage pattern developed in
‘pgfts of the map—afeé, refléct structural centrol. Creeks may run pars-
':.aiiel,té,éithéf]a ﬁértheasterly'or a’northwestefly sﬁructural trendf
o Bothivalley and alpine glaciatien have had a marked effect on tep-
bgraphy. Major stream valleys are relatively straight, with truncatéd
spurs, and of modified U;shape (see Figure 2). Daly (1912, p.595) con- -
sidered the glacier once occupyiﬁg Chilliwack Valley te have been the
longest valley glacief along the International Boundary in the Cordillera,

having a length of at least 30 miles, and a maximum thickness of 4,000
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to 5,000 feet. Some minor tributaries, such as Pierce and Borden Creeks,
occupy hanging valleys. Cirques, some of which contaln tarns, are fouhd
on the ncrtherly sides of peaks and ridges, and a few higher peaks carry
small, permanent snow fields. Valley floers are commonly overlain by
deposits of flﬁvie—glacial erlgin., Surficial‘deposits in the western

part of the map-area have been mapped and classified by Armstreng (1960) .
' Orthography
In this thesis the spellings of names of natural and man-made fea-
tures‘follows those given eon the Geological Survey of Canada topographic
map-sheets'92 H/A,vEést and West. In some cases such spellings differ .

frem these in local usage or those used on contigueus United States

Geological Sufvey*mepsai.

Previous work

.Twe geologists, G; Gibbs end H. Bauerﬁan, were attached to the Inter-'
netlonal Boundary Comm1851on, whlch determined the boundary between Canada
.”and the Unlted States across the Cordlllera in 1859 1861. Gibbs (1874,

P 342) noted llmestone and collected crinoid fragments and corals of .
Devonian or Carbenlferous age_from limestone fleat in Chilliwack River.
Bauerman (1884) published a more detailed reporf in which he maae ne dif-
ferentiation between Palaeczoic and Mesezoic rocks, but estimated that
there were 24,000 feet of shaly beds, with limesﬁone in the higher parts,
along Chilliwack Valley, between Schweltza (Cultus) Lake and Chilukweyuk
(Chilliwack) Lake. These strata were considered to be equivalent to shales

"and limestenes along the Fort Hope read, and the limestones thought to be



: | —6-
similar to those of Vancouver Island. Bauerman mentioned finding Creta-
ceous fossils in Chilliwack Valley, but-gave a-geological cross-section
througn this area showing the rocks to be of Palaeogoic age.
Smith and Calkins (1904) made a geological reconnaissance ofﬁthe

"NOrthern.Cascade‘Mountains-in Washington. - They noted the presence of
strata probably ranglng 1n age from Early Palae0201c to Jura331c 1n the
'v101n1ty of Mount Baker, a few mlles south of the map—area The supposed'
Palae0201c,rocks were predomlnantly sandstones and slates, with .some vol- -
canlc»rocks Sandstones, less metamorphosed than ‘the supposed -Palaeozoic
‘rocks, contalned Upper Jurass1c pelecypods and cephalopods

| Durlng 1901 ‘and 1906 R A. Daly dld_geolqglcal mapplng in. the Chllll-‘
wack Valley area and'hls final report wasvpubllshed in 1912-, Daly s report
1is the most detalled work- yet publlshed on the . geology of this area and
“he is respon51ble for all stratlgraphlc nomenclature, 1ncorporated in the
llterature, which is. applled to -rock units. in. thezarea: He;gave.the name
"Chilliwack Series" to sedlmentary rockStexposed Ln_GhllliWacksVallebee— :
tween the Chilliwack batholith on the east and a polnt'2 miles west of the
junction of Tamihi Creek with Chilliwaok River. Andesitic rocks, which
he believed were present in the upper part of. the "Chilliwack Series" and
which crop—out on the Internatlonal Boundary west of Tamihi Creek. he called
the "Chilliwack Volcanic formation." - The term Cultus Formation,was applied
to finebclastic:rocks of supposed Triassic. age, that occur on the west
side of Cultus Lake, and, according to Daly (1912, p.516) are in fault
contact with the "Chilliwack Series.". |

Daly described in some detail four stratigrapnic sections from.the

‘"Chilliwack Series", measured respectively on Church Mountain, .east of
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Cultus Lake and immediately south of the Internatienal Barder, en the

west slope of Mount McGuire, and on the north side of Chilliwack Valley

- north of the mouth of Slesse Creek valley. These four sectiens were com- -
bined to give a tentative columnar section for the%WChilliwack ?Series“,,‘“
) havihg:a tofal.thicknésslof ﬁere than 6;780 feet (ggg Table 1). Faﬁnal”
acoileéﬁiohs Qaré.examined by Giftj (in Daly, 1912, p.515)' he-consideredf
them. to be correlatlve, in part, w1th the fauna of the Nosoni Formatlon
vof Callfornla, then belleved to be of Upper Carbonlferous age.

: Daly (1912, P- 516, p 544) 1ndlcated that he was aware of the struc-
'.tural complex1ty of the area,_and made a rough 1nterpretatlon of the struc-
'tural.geology, He.suggested that the Chilliwack River between Tamlhl and
aqd Slésae Cfeeks floﬁs aiong the core of av"broken anticline", whose |
axis ﬁlungés eaatward‘at a 1qwaangle. The southern limb of this anti~
cline isvthe:néftharﬂ’iiﬁb“df'a'“brokeﬁ syncliﬁeﬁ.caﬁping Mount McGuire.
Probable repetition of ‘a llmestone unit on the north side ef Chilliwack
Valley‘was ascribed tO'normal faultlng. Daly belleved that the Cultus‘
Férmation was bounded on theveast and west by possible normal faults,
and that the voleanic rocks on Liumchen Meuntain were overthrust north-

ward (Daly, 1912, p.516, and Map 894).
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Table 1: General columnar section of the "Chllllwack Serles",'accordlng

to Daly (1912, p.514)

Top, erosion surface

1. 50-+feet———e—
3,‘. 50 :g_h-;;;;_
be 60 * : 'f:.-,:'.'- ‘

5. 2,000% ™ oeme

at olane of unconformify.wltthrefaCeous‘(?3vrocks:j‘

Quart21t1c sandstone.

Dark grey argllllte

nght grey.llmestone, contalnlng'corals'anducrinoids,:
Grey- calcareous quart21te and arglillte L

Ande51tlc flOWST"tuffS, and agglomerates (pillow lava
probably in this member where locally developed) .

-+~This member may for convenience be referred to as the

6. 200 M —mme
7. 600% M oemoe
8. QOIV "
9. 1102% " o
ll@.',BOOi n,_l___
11. 100 M —mmem

12. 1,400% ®

B
v

- 14 1, ooo-+""'___;;
6,780 feet’

Chilliwack Volcanlc formation.

Grey and brownish shale and sandstone, with thin con-
glomerate bands; shales crumbling and thin-bedded;

highly fossiliferous, with plant fragments, corals, -
erinoids, bryozoans, brachlopods, pelecypods and =

cephalopods (?).

nght grey, massive,. generally crystalllne llmestone,r

often cr1n01dal with corals and bryozoans

Shale, sandstone and grlt.

Mass1ve light grey limestone, with large cr1n01d stemsi

5'and brachiopeds, bryozoans, and echlnoderms

‘Dark grey and brown shales, with fossils.

Massive, hard sandstone.

Hard sandstones and black and red shales'nith bands of

. grit and thin beds of conglomerate, thlckness very .
rroughly estlmated : 5

Hard, massive sandstone with gritty layers..

;Dark grey to black, often phyllltlc argllllte w1th
‘quartzitic bands. : .

e,

‘Base concealed.



. . -9_ .
, ‘N.L. Bowen (1914, pp.i12—113) noted Chilliwaék—typé rocks,on,botﬁ‘
sides of Fraser River, north of the map-area. He suggested that a'north-
easterly trend in Fraser Valley indicated the existence of.a Palaeoﬁoic
‘mountain system oriented in»this direction. On this earlier trend nerth-
: Wéstéfly*ﬁrénding faulés and granitié intrusions were superimposed in
Mesézoic time. o |
| 'Né fUrthefjwérk §as:ﬁhbliébédxén_this;area_until 1930, when C.H{ 
Crickmay'(1936é) diséﬁs$ednthé’stfucfuréi“connéction between the Coa#t
and Cascade Mountain SystemSQ JCriékmay'worked‘maiﬁiy on Mesozoic rocks
aroupd Harrison Lake, north of tﬁe map;area, and gave no detailed descrip-
tion of the Paiaebzoic rocks. He traced the structure and some iitholo-
gical units wouth across Fraser River to the vicinity of Mount Baker in
northern Washington. Unlike Daly, who considered all rocks between the
Chilliwack batholith on the east and Church Mountain on the west as Pal--
aeozoic, Crickmay assigned rOcks‘in the eastern third of the Chilliwack
Valley area to his Slollicum -"Series" of possible Triassic age.
Crickmay.described a majof fault, the Harrison Lake fault, whose
trace largely lies beneath Harrison Lake. Palaeozoic rocks east of the
1ake‘are in fault‘contact’with Mesozoic rocks to the west. .Thé fault
plane dips steeply to the east. The southward continuation of this fault
'yas Eelievsd po mark the western limit of Palaeczoic rocks in the Chilli-
wéck Valiéy (§g§ méﬁ;_Crickﬁay,'l930a, gpp,.p,487). Crickmay considered
“that rocks of the area immediately east of Cultus iake, described by Daly
és CUltus Formation,'were schuppen of Carboniférous and Lower Cretaceous
rdcks.» |

Structural trends were observed by Crickmay to be roughly parallel
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to the boundaries of the "Jurassic Coast Range Batholith" and he suggested
that the Cascade Mountains were formed by compression of the geosynclinal
sedimentary accumulation aéainst the resistant mass of the batholith.

In 1944 the Geological Survey of Canada published the Hope Sheet,
(Map 737A) on a-scale of /4 miles to 1 inch. This geological map was a.
compilation by C.E. Cairneé, with the geology shqwn for Chilliwack Valley
being.taken directly'from'Daly's map of 1912. The term Chilliwack Gfoup,
rather than Chilliwack Sefies, appearéd for the first time on this map,
.but no explanation for the change was made.

A brief, general review of the geology of the northern Cascade Moun-
tains of Washington State published by P. Misch (1952) was the first com-
prehensiﬁe'synfhesis of the geology of the region, although no detailed |
,strétigraphic information was includédo-

. \:D.N. Hillhouse (1956) studied the geology of the area around Cul£us -

bLake, épd conclUded (p;23) that most of the“limestones he observed in the
' Chiili@ack Group are probably of Wolfcampian age, but'that an age range
‘fromAMississippian to Triassic is poséible. |

.W.R. Danner (1957), who worked mainly in nérthwestern Washington,

to the southwest of the map-areé, divided the Chilliwack Group into two
formations on the basis of lithologies and extensive faunal collectiens.
These formations are the Red Mountain Formation of probable Early Penn-
sylvanian to Late Missiésippian age, and the Black Mountain Formation of
WOlfcampian age (Danner, 1957, p.115). The type-localities of these pro-
posed formations are a few miles southwest of the Chilliwack Valley area.

Misch (1960) briefly described two major westward and northwestward

overthrusts in this region. The lower or Church Mountain thrust-fault
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transportéd Palaeczoic rocks over Jurassic and lower Cretaceous récksﬂ
In the Chilliwack Valley map-area this fault is shown (Map, Geological
Discussion Club, 1960) tb follow approximately the southward extension
of'CrickmayEs Harrison Lake fault. Recumbent folds within this Palaeo-
zoic thrust-plate were observed in the map-area by Misch (1966), The
upper or Shuksan thrust-fault (Misch, 1960, 1962) brings low grade met-
amorphic rockstf pre—Jurassic age over ﬁhe Upper Palaeozoic rocks.A;
Both fault movements afe of middle (?) Cretaceous age (see Miller and
Misch, 1963, p.107). The thrust-faults ﬁave been subsequently folded
in Tertiary (8arly Eocene‘?) time (Misch, 1960, Miller and Misch, 1963),
_C.L. Smith (1962) studied the Red Mountain Formation of Danner, and

correlated. limestone at several localities in northern Washington with
this unit. |

| W.S. Moen (1962) ﬁapped and described the geolegy of the northern
part of the Van Zandt quadrangle, immediately southwest‘of the map-area
in northern Washington. This areé contéins the type-localities of Danner's
(1957) proposed formations. According to Moen (1962, p.57)‘ the Chilli-
wack Group was_initialiy folded and faulted prior to deposition of Lower
Mesozdic'rbcks,,alﬁhough he presented no evidence to support this con-
élusiona Deformation during middle Cretéceous time produced northeast
btrending folds and faults and large-scaie thrusts. North trending folds
and-associated‘east_trenaing faults were formed during Middle Eocene time.
- Epeirogenic movement in Pliocene time superimposed structures similarly

‘oriented to those produced in Eocene time.
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‘Field work

Field work by the writer was dene in 1962, 1963, and i964. Data was
plotted directly on maps of scale 4 inches to 1 mile, enlarged from
1:50,000 Canadian National Topographic Sheets, 92 H/4 West and East. Air
photographs, ebtained from‘the British Columbia Department of Lands and
Eorests, gaVe almost complete stereographicvcoyerage of the map-area, and
were compareble in scale'to the enlarged maps. Locations on the map were
determlned with the aid of. the air photographs and a Tayler altimeter,
callbrated in 25 foot intervals. -

In addition to.mapping'lithoiogies and contacts of reck-stratigraphic
units of known age, note was made of_the geometry, orientation, sense of
movement and relative age of any secondary structures present. Information
from these minor structures, combined with a knowledge of the spatial
distribution of rock uhits of known age, allows an interpretation te be
made of thebgeelogy of the area;

The size of the map-area was not fixed, but instead goverhed by two
opposing considerations. Mapping had to be done in sufficient detail to
enable possibly complex structures to be elucidated. On the other hand,
the area mapped had to be large enough to allow demonstration of both the
contlnulty, or otherw1se, of rock~stratigraphic units and the magnltude
of any major - structures controlllng ‘the present distribution of these
units. More field time was spent in the central part of the map-area,

than towards the periphery.
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GEOLOGICAL SETTING

The Cascade Mountain sysﬁem in northwestérn Washingten and.southern
British Columbia consists of.a central, nérth—northwest trending, gqeis—
sic and éranitic cdre,.flanked'én the east and west by belts .of sedimen-
tary and volcanic rocks which 16ca11y have been subjected to low-grade
regionalvmétamorpﬁiém (Figuré 3;,Map, Geologiéal Discussion Club, 1960;
Huhtting‘gp gl;;"i961),  The type-area of‘the Chilliwack Group is éitu—
ated at théknéfthéfﬁ=énd of the western belt of sedimentary and voléanic
récks, cohtiguous_te the core of 'the mountain system,‘which here consists
of the intrusive granodioritic Chilliwack batholith and the Custer Gneiss
(Daly, 1912), To theVnorth of the map—areé, across Fraser River Valley,
'intrusive graﬁitic rocké predominate in the apparent extension of the
s&stem, and thé.Casééde Mountains adjoin the Coast Mountaiﬁs (Geologicai
Discussion Club, 1960; Little, -1962).
| | Thé’belt'of sediméntafy and volcanic rocks on the west side of the
Northern Céscade Méuntgins has been the site of intermittent deposition
since‘at1léast'Midaié ﬁévonian.timeo Volcanic focks, and sedimentary
rockS'derived’from them, are the predominant‘deposits, although limestones
”éfe dfilégéinihbdffaﬁéét;JYéﬁﬁgef:sédimentéry rocks tend to be arkosic,
but still contain'much material of volcanic origin (Danner, l960a,‘
pp.1,2).

Middle Devonian rocks lie unconformably upon an amphibolitic gneiss
complex cut by dioritic rocks in the San Juan Islands, some 40 miles south-
west of the map-area (DPanner, 1960b). Amphibolitic and granitoid rocks

of minor areal extent exposed west and south of the Chilliwack Valley-
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map-area {Moen, 1962, p.49, Miller and Misch, 1963, p;léé) and within_the
easternmost part of the map-area are possibly.equivalent teo the erefMiddle
Devonian rocks in the San Juan Islands.

Limestones of Devonian age crepping—out immediately southwest of the
map-area are ineluded by Moen (1962, p.15) within his undifferentiated
Chilliwack Group, and correlated by Danner (l960a, P 3) with Middle Dev-
onian volcanlc and clastlc rocks and 11mestones of the San Juan Islands
(Danner, 1957, p 54) | | H

No Mississipplan rocks are recegnised in this region (Panner, 196Qe,
p.3). Lower Pennsylvanian (?) rocks lie with apparent conformity (Danher,
1957, p.88) upon Devenian rocks in the San Juan Islands. Limestones of
Early Pennsylvanian age, and associated clastic rocks present within'the
map-area and to the-south ofvit, form the lower part of the Chilliwack
Group as presently established. These Pennsylvanianvrocks are widely dis-
tributed in northwestern Washington (Smith, 1962).

Lower Permian clastic recks;ylimestones and velcanic rocks discoen=-
formably overlie the Pennsylvanian rocks in and to the southwest of the
map-area and comprise the upper paft of the Chiliiwack Group as presently
establisheda Theee rocks‘are overlain discenformably in'the map-area by
Upper Triassic rocks. Overlying Lower Permian rocks in the San Juan
Islands, however, are Upper Permian rocks; the latter are also present
farther south in Washington in the Cascade Mountains (Danner, 1957, 1960a) .

During.Late Triassic time, volcanic rocks and limestones were laid
down Qest of this region on Vancouver Island, and to the east in the
Southern Interior of British Columbia (McLearn, 1953). In the map-area

predominantly fine clastic rocks of marine origin, belonging to the Cultus
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Formation, were deposited. These range in age froﬁ Late Triaésid to Early’
Jurassic, with no recognised break. Middle Jurassic volcanic reocks crop-
out both north and south of.the map-area (Crickmay,vl930b, p,35}, Danner,
1960a, p.4) and may be present within it. Upper Jurassic clastic rocks -
are reqogpised in the eastern'part of the map—areé, and élastic rocks of
Uaper-Jurassic age.gfade upvinto_the Lower Cretaceous rocks to the north
and south of the mép~a;ea (Crickmay, 1930b, p.35, Miller and Misch, 1963,
p.167). | |

Middle Bevonian to Lower Crefaceous clastic fécks of this sedimentary
belt aré derived generally from source areas in which volcanic rocks were
predominant. The presence of volcanic rocks, not uncommoﬁly accompanied -
by'limestone, andjcontemporaneous with the—clastic.rocks, suggests that
many .source areas.wére‘active volcanic centres, withih the mobile belt now.
occupiéd by the Wegtern Cordillera. o

Although Miller and Misch (1963, p0167) suggested that metamorphism
took plaée during Late Palaeozoic ;;d:Early Mesozoic time in this regien,
no evidence of any orogenic activity of this age has been observed within
the map-area. Available data‘indicatés that stratigraphic bfeaks between
Lower Permian and Upper Triassic rocks, and possibly between Lower Penn-
sylvanian and Permian rocks are due tb non-deposition, surficial erosion
and possibly non-deformative, epeirogenic (?) ﬁplift° The earliest, post-
Devonian,vevidence.of.deep ef6éion, such aé.wéuld presumably accompany
orogeny, is.thé presence of granitic cobbles in a Lower Cretaceous con-
g%omerate in the Harrison Lake area (Crickmay, 1962). The major post;
Devonian oregenic event in the region habpenediabout mid-Cretaceous time

(Miller and Misch, 1963, p.167). Within the Chilliwack Vailey map-area,



-16-
and contiguous areas to the southwest (Moen, 1962; p.57), northeast trend-
ing folds and thrﬁsts were formed, and.many of the rocks were subjected
- to very low-grade regional metamorphism. The northeast trend of these
structures is of unknown areal extent and stands in marked comtrast to
'thé regional ndrth4porthwest trend of both Cascade and Cdaét-Mountains.

» Immediately southwest of the map-area, rockSvof Late_Cretaceous:and
‘Paiépbene age lie with,marked unconformity;mn PaléeozoicTand_MésoZoic
rocks.(Millér aﬁd Misch, 1963, p,167>° Thé younger rocks are predomin-
bantlymcontinental arkbses, although they still contain muéﬁ volcanic
detritus (Daﬂner, 1960a, p.2). To the west, on Vancouver Island, Upper
Cretaceous marine rocks are. transitional into these continental sediments.
Deposition in this region, from bostﬁmid-Cretaceous time to the present, .
has occurred in restricted basins, whbsé positions correspond_approxim—
ately‘to present dsy topographic depreséions and lowland areas.

" A second period of deformation took piacevin the region in early
Eocene time (Miller and Misch, 1960, p.170). In the map-area, northwest
trending structures normal to the tremdvof structures produced during mid-
Cretaceous. deformation, were possibly formed at this time.

Middle Eocene and younger rocks are continental arkosic rodks which
lie with angular unconformity on the lithologically similar Paleocene —
roéks.’ To the ;ést and southwest of the map-area these rocks are merely
~tilted or gently warped (Daly, '1912, @520, Milier and Misch, 1963, p.171).
However, downfaulted middle Eocene (G.E. Rouse, oral communication) con-
glomerates at Hopé, 20 miles northeast of the map-area, have the form of
a syncline withrsteeply dipping limbs (Cairns, 1924, p.70).

Intrusion of the Chilliwack batholith, forming a part of the crystalline
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core of the Cascade Mountains immediately east of the map—area,.apparf.;'
ently took place 18 million years ago (Baadsgaard et al., 1961, p.697),

‘in Miocene time (Kulp, 1961),'




STRATIGRAPHY

Preliminary statement

Rockfstratigraphic uﬁits are aescribed below in order of.decreasing
age. IWhere pecssible, the descripti&ns given are of formations or undésigf
nated rock—stratigréphig units bf comparable status. These fogk—strati—
graphic'units,btheir_agés.and iitholbgiés’are summarised in Table 2.

Structurgl and stratigraphic‘ﬁata provide  evidence for thé presence
within the map-area of-at least three major tectenic units br nappes,
sepérated‘by flat-ljing}faults. These structures were formed by deformé—
tion subsequent to deposition of all rocks in the map-area. In some cases,
parts of the same.rock—strétigraphic unit are present in two or more'néppes.
Such parts were ériginallyasepafated»by unknown distances but are now super-
posed. Consequently, unless such a réck-stratigraphic‘unit isAof remark-
ably uniform nature, the‘unitfmay'display quite different characteristids
within the relatively small dimensioﬁs:of the maé—area, as the result of
suﬁérposition during'deformation,' Moét descriptions of formationé, or
undesignated rock—stratigraphic units of comparabie status, therefore are
_subdiVided into_discussions of the unit as present in different tectoﬁic
units. Whefe thié subdi&isionvié made, the férmation is described in
order of decreasing stfucturél'level,

To make the subsequent discussion easier to follow, a brief summary
of these tectonic units which includes the names given ﬁo them and the
rocké composing them, is given below in Table 3. These structures are
discussed in the structure section of the thesis. A schematic represen-

tation of their form and relations to one another is shown in Figure 4,
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and their distribution within the map—area'in.Figure 5.

Where possible, correlation of rock—stratigraphic ﬁnits within a
single tectonic unit was achieved‘by tracing—out'lithologies. Correla-
tion of formations exﬁoSed in different tectonic units was made by demon-
strating the_pfeSencé’ofva‘similér lithoiogy in a comparable stratigraphic

succession.



Table 2: Rockestratigraphic units
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(Stratigraphic names established in the llterature are in capltal letters)

Age

Late Jurassic

Middle Jurassic
Early Jurassic
Late Triassic

Name and apparent thicknessw(feet)

CULTUS
FORMATION .
-4, 000

Lithologz: o

Fine to medium grained

volcanic- arenites, arg-

illites and slates, very

‘miner flows

- disconformity . -

~Early Permian
(Leonardian)

Early Permian
(Leonardian)

Permian and (?)

Pennsylvanian

Lower Pennsyl-
vanian '
(Morrowan) "

Lower Pennsyl-
vanian (?)

Unknown age

(Possibly equiv- |

alent in part to
pre-Middle Dev-
onian basement of
Danner and Misch)

CHILLIWACK GROUP
(as presently established)

Permian volcanic sequence

‘r

{2,000 - 700

' Altered basic to inter-

mediate flows, tuffs,
miner chert and miner

'argllllte

(conformable).

Permian limestone

Limestone, typically

- chertys. in part later- .

300 ally equivalent to the
C Permian volcanic se-
(conformable) guence_

Upper clastic sequence

800-450.

(conformable)

Coarse to medium-grained
volcanic arenites, arg-
illites, local conglom-

‘erates, tuffaceous to-

wards top. This seguence
may include one or more

—~disconformities

Red Mountain Limestone
(restricted from Panner,
1957)

100

(conformable)

Limestone, typically
argillaceous

Lower clastic sequence

12, 500

,—BASE NOT RECOGNISED- - - -

Amphibolitic rocks

Argillites, fine to med-
ium=-grained volcanic
arenites

Rocks of possible
diverse origin and
age
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" Table 3: Tectonic units of the Chilliwack Valley area

‘Name of tectonic unit

Unnamed

STRUCTURAL TCP

McGuire Nappe

Description

Permian rocks and amphibo-
litic rocks which overlie
Mesozolc rocks in eastern-
most part of the map-area

- FLAT LYING FAULT

FLAT LYING FAULT

Liumchen Nappe .

Recumbently-~folded sedi-
mentary and volcanic rocks

"which range in age from Late

Jurassic to Early Pennsyl-
vanian -

Autochthon

(No lateral trans-
lation of -these rocks,
for any great distance,
can be demonstrated)

FLAT LYING FAULT

Thrust sheet (in part?) com-
posed of volcanic rocks of
Early Permian age, with over-
lying Mesozoic rocks. 1In

the extreme northeastern

part of the map-area, this

.tectonic unit may include
. older sedimentary rocks.

Folded sedimentary and vol-
canic rocks of slightly
lower metamorphic grade

_than rocks in all higher

tectonic units, Age of
rocks ranges from Early
Pennsylvanian to Middle
Jurassic
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Amphibolitic rocks

Rocks that vary widely in texture; less widely in compesitien and
which are probably of diverse ofigins, Eut which invariably contain abun-
‘daht aﬁphibé1és;;ér¢:groupéd}fof'thé purposes of description under.the
heéding‘of émphi§o1i£i§}foCks; These roéks have not been completely
mapped and petroioéica1jéxamination wés restricted to a few specimens
from_scatferéd le§alitiés;.:More wofk is necessary to demonstrate whether
their-inq%gsion under a common heading is justified.

The amphiboie—bearing rocks-qrop-éut'at the éastern and southeastern
limits of thé mapfarea., They appear.to form a Belt which extends in a
north-northeasterly difection'from-the southern end of Slesse‘Creek,'near
the International BOugdary,fo AirélaneACreek Valley, just west of the
Cheam Range (Plgte 1). - ?resent mapping has not established the continuity,
or otherwisé,_quthis‘belt’of-éﬁphibolitic rdcks.i As the rocks exhibit .
somewhat difféfeﬂt ¢haracteristics in»théfnorthérn, central and southerﬁ
parts. of the belt,_rbcks from eéch,of'these locations are described sep-

aratélyo
North of Chilliwack River

‘Amphiboliti§ ro§ks fbfm proﬁihenf.cliffs on the east side of Airplane
CreekvValley and to the“soﬁth;.at an alﬁitude of 4,000 féet,,on the ridge
between:Foley Cfeek, and Chilliwack River. . At thé latter locality, Daly
.(1912, P-544) nogéarthe ﬁfesencé of rocké that he described as a sill or
great dyké,‘similar liﬁhologiqally to gabbroic rocks on Mount Pierce to

the south of Chilliwack River.
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Amphibolitic rocks in these localitieS'afe typically fineegrained,_
even-textured, hemd, massive, grey-green weathering, dark'greyish{green
to black rocks. In a few places, small euhedral feldspars are present,
scattered through.theﬁfine grey—green matrix. Relatively‘rare‘coarser
equivalents of the above rocks, in hand spec1mens, typically have an
estimated compos1tion of about 70%- amphibole and 30% feldspar. One rock
examined in' the field resembles a fine—grained diorite, belng composed
_of approx1mate1y equal percentaées of . amphibole and feldspar A coarse-
grained rock of granoblastlc texture, composed entirely of amphiboles;'
apparently comprlses a dyke w1th1n the predomlnant fine—gralned rocks.
A1l coarser grained rocks examined from this area have 1sotropic fabric

Mlcroscopically, the fine-gralned rocks cons1st of a groundmass of
finely granular epidote (replacing plagioclase laths ?), and small sub—
hedrai to. anhedral horhblehde crystais exhibiting brown to green pleo- |
ehfoi§m'and,compfising 208 to 30% of the whole. Chlorite is present
thfoughout the groundmass. Pyrite and pyrrhotite are the most abundant
opaque'minerals;-although.skeietal ilmenite:crystals partly altemed to
semi?opaQuebleuooxene.ahd‘finelyvgranular sphene (2) are common; Rare
.feldspaffphedocfysts'up"to-2mm} in.length show all stages of aiteretion to
epidote. 'FebricJOf:eii-fineegrained;rocks examined is-isotropic;

The composition of the few rocks examined ih_detail suggests that
they beiong to the quartz—albite—epidote—biotite subfacies of'the~green—
schist facies (Eyfe, Turner and Verhoogen? 1958, p}224).

The amphibolitic rocks on the ridge between Foley Creek and Chilli-

wack River appear to form a thick, tabular body, roughly conformable



Y
with the underlying, eastward dipping, sedimentary rocks. Apparent. thick-
ness of these rocks is nearly 1,000 feet; 'Rocke on the east side of.Air—:
plane Creek Valleyvmay be of even greater thickness.

In Airplane Creek Valley, and on the ridge between Foley Creek and
ChilliwaCk River, amphibolitic rocks overlie Mesozoic slates, argillites,
and siltstones which are no more metamorphosed than stfatigraphically
equivalent lithologioally similar;.rocks‘further west in the map-area.
The contact has not been observed, but can be located to within about
200 feet in the lower part of Alrplane Creek Valley

Rocks of the Chilliwack Group are exposed above amphibolitic rocks
on the east side.of Airplane,Creek Valley, altheugh the centact has not
been investigated. White (1949, p.A215) reported limestones and clastic
rocks of the Chilliwack Group on-the southernmost peak.of the Cheam Range,
about 1,500 feet above the top of the amphibolitic rocks on the east siae
-of'Airplane.Creek, and limestone pods and volcanic rocks probably belonging
to'thie group are“pfesentjon the west side of the fange, farther to.the
_ north. | | |

The relationship between amphibolitic rooks in Airplane Creek Valley,
and Permian limestones and volcanic rocks that cap Mount Laughington, just
west of'Airplane Creek is-not.knonn. These.Permian rocks overlie Mesozoic
rocks identical to Mesozolc rocks below the amohibolitic rocks in Airplane
Creek. If the Permian rocks on Mount Laughington are the westward exten-
sion of the llmestones and volcanic rocks in the Cheam Range, which over-
lie amphibolitic rocks of Airplane Creek, then the amphibolitic rocks must

thin very rapidly to the west.
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On the ridge south of Foley Creek, argillites and slates of unknown
age immediately overlie amphibolitic rocks. The assumed continuation of
.these rocks in the bottom of Chilliwack Valley are dark grey to black,
quartiérich'seripitic'slétes énd argillites, locally thermallyvmétamor—
phosed by the adjacent Chilliwack batholith to cordierite-biotite horn-
felses.  These rqcks are somewhat similar lithologically to the "pre-
Juréssic'phylligés" fepérted'bf Miilervénd Misch (1963, p.166). These
rocks are'possiblyvﬁhe:basal‘part»of the Chilliwack Group, by analogy

to the relativé:pOSitith'ofkthe,récks on the east side of Airplane Creek.
Mount Pierce and Nesakwatch Creek Valley

Cliffs of amphibolitic rocks on the west side of the northern end
of Nesakwatch Creek Véiley, were mappéd by Daly (1912, p,532) as Slesse
Diorite. He regarded'the'SIesse Diorite as an intrusive, stock-like body
of post-Carboniferous age, which wés cut by the Tertiary Chilliwack:
bathoiith. | |

Amphibolitic rocks at thié locality are generally coarser than
amphibolitic rocks to the north, although all grain sizeSvare present.

bThey_range from dark grey—green to black rocks, composed“éf iOO% amphi-
bble,to’grey-green-rocks contéining about Sd% feldspar.

Microécopic'examinéﬁidn of one coarse-grained specipen, compoéed of
about équal'prépbftioﬁsvéf fé1dspar_aﬁd amphibole, ré#ealed fairly fresh

' andesine asSociated with large fibrous horﬁElende cryétalé with ragged
ﬁerminations'ahd curQeducleavage planes. Pieochroism of the hornblende
rénges from greenish-yellow to blue-green. Small elongate amphibole

crystals within the feldspars show very strong blue-green pleochroism and
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are possibly actinolite.

Rocks forming the cliff onbthe west side of Mount Pierce appear tb
be part of the same body as the émphibolitic’rbcks in Nesakwatch Creek,
although continuity is not definitely established. Daly (1912, p.543)
described_from;neafrﬁhis:ICCaiiﬁy?a bbdy:of‘dyke—like fof@, which was
not seen.by_the‘Wriﬁéf,¥composed of serpentine, olivine, and magnetite
_and dyke4like bodiéé of aﬁphibglite fransitional to coarse—grainéd gabbro.
One'rdck”examinéd by tﬁé‘ﬁritefifrom this locality appears similar to the
giorite-like rock from morth of the ‘Chillliwéck River (p.20) but has an
indistinct lineation produced by foughly gligned-hornbleﬁdé crystals. In
a thip section:this rock was seen to be composed of about 40% hornblende
.(with;blue—greén_to greenish-brown pleochroism) set in a gréundmass of
finely granuiar eéidqte (Figﬁre‘é). Sphene.and apatite are present'in
» ﬁinor amouhts, the spﬁeﬁe béing‘coarse—grained, drop-like in shape, and
’noﬁ.agsociétea with any opéque:mipefals;vﬂ |

':ﬁOvéféll fdrmbéf'thé'amphibbliﬁié fOCksiih this part dflﬁhe map-area
is not knan. ' The amphibolitic.rocks on Mount Pierce appear to have thé
form of a.tabular body, confofming to bedding and foliation'in underlying
Mesozoic éfgillites and slates.

© No rocks wére seen to overlie the ambhibolitic rocks in the Nesak-
Qatch Creek and.Mount Pierce i&éalities. However, rust-coloured biuffs
on the east side of Nesakwatch Creek Valley_are composed of dark;grey,
quartz-rith slates and argillites; these rocks are lithologically similar
to rocks above amphibolitic rocks on the divide between Chilliwack River

and Foley Creek.



Figure 6: Photomicrograph (thin section, plane light, X40)
amphibolitic rock from Mount Pierce, composed largely of

hornblende and fine granular epidote. Sphene (high relief)
is visible at top centre.
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i Southern end of Slesse Creek Valley

Amphibolite forms cliffs on.the east side of Slesse Creek Valley,
about one mile north of the International Boundary at an altitude 6f
3,500 feet. These’ro¢ks ére'fine—grained, massive; hard and superficially
resemble the amphibolitic rocks in Airplane C?eek.. However, they are com-
posed of an interlocking mesﬁ of fine, needie—like, blue-green actinolite
crystals. Biotite is‘pfeseﬁt in minor amounts and minute, red-brown gar-
nets were observed in'one-specimen. |

Due west of thiékloéalit&, on the west side of Slesse Creek Valley,
at alfitudes ranging fréva,OOO fo 2,500 feet, grey to grey-green weather-
ing r§cks'crop;out° -Some of these rocks, with a well-developed foliation
which is cut by ailater planar étructure, closely resemble certaiﬁ rocks
in the amphibolitic-diorite complex underlying Devonian rocks in the San
Juan Islan&s (W.R. Dénner; oral communication). One specimen of this
foliated rock examinéd in thin section consists largely of an irresolvable,
finely granular groundmass containing muscovite that is oriented parallel
- to-the eérly foliation. ' Scattered through the groundmass are actinolite
“and biotité.crystals, mimetic to both the éarly foliation and later pianar
structures. These rocks érop—out about one mile from the western margin
of the Chilliwack batholith, which is exposed on the east side of Slesse
Creek Valley, immediately south of the International Boundary. Contact
metamorphiém may well be responsible for the development of garnet, bio~
tite and blue-green actinolite, which cross-eut all planar structures.:

The overall form of the bédiés of amphibolitic rock at the.southern

end of Slesse Creek Valley, and their relationship to other rock units
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in the map-area is unknown.
Correlation

Rocks of similar lithology to the emphibolitic rocks in the map-area
have been_reported'by'Other wefkers in the region, and are briefly mentioned
below; However, uhpil»the_amphibolitic rocks in the map-area have been
,mapped‘end:deeéribed iﬁ de£ail,iaﬁyvaﬁtempt at cerrelation yeﬁains_speC—
ulative. | |

Danner (1960b) repofted an amphibolitic complex cut by dioritic rock
‘which.is unconformably overlaln by Mlddle Devonlan rocks in the San Juan
vIslands : As noted above, amphlbolltlc rocks from the southern end of
Slesse Creek lithologieally resemble certain of these prefBeVonian rocks.

, The Shuksan thrust mapped by Mlsch (1960 1962) in northern Washing—

'ton, brlngs phyllltes and greenschlsts of pre—Juras51c age over Palaeozoic

*1'rocks Underlylng the sole of the Shuksan thrust in the Mount Larrabee

area, 1mmed1ate1y.southwest of where Slesse Creek crosses the International .
Boundary, are crystalline rocks, to which Misch has ascribed a ﬁre—levonian
age,. on the basis of their 1ithologica1 similarity to amphibolitic-dioritic
rocks of the San Juan Islands. These rocks, called the Yellow Aster Com-
plex (Miller and Misch, 1963,'p.166), are hornblende-rich diorite and
gabbro, amphibolite and acidic granitoid rock. Misch (oral communication;
February, 1965) has observed amphibolitic rocks on the ridge souﬁh of
Mount Pierce, which are similar lithologica;ly to some of his pre-Devonian
crystalline rocks south of the‘International Boundary}

Daly mapped the Vedder Greenstone on Vedder Mountain, just west of

the map-area. He considered it (Daly, 1912, p.523) to be an altered basic
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diorite or gabbro, possibly related to volcanic recks of thevChilliuéck
Group, although originally he believed it to be part Of a basal crystal-
line series. The similarity between the Vedder.Greenstone and rocks near
the summit of Mount Piérce was remarked on by Daly (1912, p.544).

Moen (1962, pp,50—56) described metadiorites, amphibolites.and dio-
psidite_from juét.squpprst,oﬁ:thebmap—area, in northern Washington, to
. _théis&ﬁﬁﬁidffVéaaef M§ﬁh£éiﬁ:} Hé:ga§e éxpreflevbnian age to these rocksjy
presﬁmébly becéuse'of theif‘lithological similarity.to the rocks iﬁ‘the.
San Jﬁan Islanas. |

.Crickmay (19305,vp0488) mapﬁed rocks he called "Triassic volcapics“;
north of the mép—area,'about 10 miles due north of amphibolitic rédks
mapped by the writer in Airplane Creek. These Triassic (?) volcanic rocks
cross the Fraser Valley and cropfout to the east of Hafrison Lake. Cairns
(1944, Geol. Surv. Canada, Map 737A) showed bodies of serpentine, diorite,
gabbro, amphibolite, hornblendite and pyroxenite in localities correspond-

ing to Crickmay's Triassic (?) volcanic rocks.
Conclusions

:'Further mapping and systematic sampling is necessary to demonstrate
the nature and field relationships of these amphibolitic rocks. It is
not even known whether they form a single unit such as could be included
undér thevstfatigraphic term‘“éomplex," The following conclusions are to
be regardéd as speculative.

Rocks grouped under the heading "amphibolitic rocks" may well be of
completely different origins. Some, such as the foliated rocks exposed |

at the southern end of the Slesse Creek Valley are possibly of pre-Devonian
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Aage, on the basis of their 1ithological similarity to.rocks underlying
Devonian rocks in the San Juan Islands. Others, such as the predominantly
non-foliated fine—grained rocks north of the Chilliwack River, may corre-
spond to the "pre-Jurassic greenschists™ of Misch. It may be possible to
obtain direct eridence‘of the age of the latter rocks from the northeast-
ern part of the map—area, where amphibolitic rocks are exposed below
Chllllwack Group rocks at the southern end of the Cheam Range.
| Amphlbolltlc rocks on Mount Plerce, and to the north on the ridge

» between'Foley Creek-and Chilliwack Rivér, and in Airplane Creek, lie on
to; of Mesozoic slates and argillites The spétial relationship of these
two llthologles, and. thelr geographlcal p031t10n relatlve to that of the

Shuksan thrust of Misch (1960 1962) suggests that the amphibolitic rocks

may have been emplaced along the northerly continuation of the Shuksan
thrust of Misch. | |

Finally, there_is enough'doubt about the liﬁits and nature of the
Slesse Diorite, considered_bijaly to be an intrusive‘body, to warrant_its

re-investigation.

Devoﬁian rocks of northwestern Washington

No Devonian rocks have bsen-idéntified in the Chilliwack Valley
area.

Middle Devonian volcanic and clastic rocks, cherts and limestoneg,
designated the President Chsnnel:Formation (Danner, 1957, p.54), are pre-
sent in the San Juan Islands, where they apparently lie unconformably on
an amphibolitic complex cut by dioritic rock (Danner, 1960b). Danner

(1960a, p.3) correlated rocks in the President Channel Formation with
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Devonian limestones reported from several localities in northern Whatcom
County, immediately southwest of Chilliwack Valley, (Danner, 1960a; p.1;
Moen, 1962, p.15). At one locality in northern Whatcom County (south end
of Silver Lake Valley), a conglomerate containing granitic cobbles appears
to underlie the‘DeVOnian;limesteneﬂ(W;R;‘Danner, oral communication).
Some of these Devonian llmestone bodies are in fault contact with meta=
.diorites believed o be part of the bagement complex (Moen, 1962, p.16).

. No MiSSiSSippian recks are known in this region (Denner, 1960a,
p.3). It is not kneun at'present,whetherva hiatus exists, or whether
MisSissippian rocks have not been reported because of the absence of a

recognized Mississippian fauna.

Pennsylvanian and Permian rocks in the map-area

’ Daly distinguished three separate fossiliferous limestones within
the Chilliwack Group 1n the type area (Table 1), but made no attempt to
, differentiate their ages. . Girty (in Daly, 1912, p-515) considered these
foSsiliferous’focks to be Upper Carboniferous, However, Daly noted that
certein unfossiliferous rocks included in his“Chilliwack "Series" could
well belong to older systems.

From investigations of Palaeezoic rocks. cropping-out immediately
seuthwest of the Chilliwack Valley map-area Danner (1957, p.113) suggested
that the Chilliwack Group was divisible inte one.formation of Late Miss-
issippian to Early Pennsylvanian sge and one of Early Permian age. His
formations were based on two fossiliferous limestones, and included asso-
ciated, but undifferentiated, clastic.and volcanic rocks. The name "Red-

Mountain Formation™ (Denner, 1957, p.113) was applied to the older
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formation and the name "Black Mountain Formation" (Danner, 1957, p.147)
to the younger. These:proposed formations have not been formally de- |
scribed and incerporated in the literature.
. Twé limestone unifs are diétinguished by the writer within the

' CﬁiiliWack Valiéy mép7aréé,“'FOSSil'content of these limestones indicates
. their‘appfbximate time;equivalence to the limestones described by Danner.
They aﬁinoﬁ completely co?reSpdnd.to any two of the limestones in the com-
posite section of Daly réproduced as Table 1 in this thesis.

| Thése'two'limeétﬁneé ;re theﬁqnlybunits‘recognised within the Chill-
iwack Group as presently esfablished,‘QhOSe continuity, distinctive lith-
ology, and charactéristic foséil cpntent enables them to be used as stfat—-
igraphic markers across mﬁch of the map-area. Therefore the stratigraphic
position of all other]unitg invthé Chilliwack Group is made relative to
_them.v‘Howévér;»tﬁesé iimeétones aré not. ideal marker units,v The upper;
Permian, liﬁéstoﬁé variés éonsidefably‘in thickness and ié,'in part, a
- facies equivalent to volcénic rocks in the map-area. Fortunately, it
inva?iably contains a distinctive fusulinid fauna, which enables precise
'strétigréphic dating to Be‘made. The lower, Pennsylvanian, limestone is
thin and locally absent,'andanrly Pennsylvanian fusulinids have been
recoghised within itY ohly in the eastern part of the map-area. However,
this limestone generally contains very large crinoid columnals, which are
useful as rock components for correlating. The crinoid columnals cannot
be used to demonstrate time—equivalénce of the Pennsylvanian limestone
across the map-area, although according to Smith (1962) and Danner (oral
comﬁunication) they are characteristic of Pennsylvanian rocks in the North-

ern Cascade Mountains.
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Lower cléstic sequence

A sequence of dominantly fine-grained clastic rocks which lies strat-

igraphically below the Pennsyivanian limestone, is called,for reference
- purposes, the'lower_clastic sequence. In its lithological homogeneity
and mappabie nature this séquence is of formaﬁionél status, although it
caﬁnét-formally bé'désigﬁated as.a:formation; pértly because its strati-
gréphic bése-ié not.recogniSEdar Réiative to Mesozoic rocks, this sequence
is of limited areal extehﬁ' vithin the map_-ér’ea.

|  Dé1y (1912,.p.éiZ)»described_a sequence of sandstones and shales
below 1imes£oné éonfainihg.lérge crinoid stems. Daly regarded‘this clas-
tic sequence as the basal part of hisMChilliwack Series” (see Table 1).
Danner (19%7, p°119)vnoted that Pennsylvanian limestone in northern What-
com County conformably overlies thin bedded cherty argillites. Smith
(1962, p.32) gave a more>detailed aescription of these clastic rocks.

McGuire Nappe

Clastlc rocks stratigraphically fand structurally) below the Pennsyl-
vanian 11mestone crop—out in the south, southeast and northeast parts of
uhe area buunded on the west by Tamihi Creek, on the north by Chilliwack
'-Rlvery on the east by Slesse Creek and on the south by the International
Boundary. They are also present below Pennsylvanian 11mestone on the east
éide of Slesse Creek Valley. These rocks form the structurally lowest part
of the core of the McGuife Nappe in the map-area.

The sequence conéists of massive beds of tan—weathering; medium to
fine-grained éandstones somewhat sparsely and irregularly distributed

through dominant, thinly bedded, rhythmically graded and laminated, hard,
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very fine sandstones, siltstones and argillites. The argillites probably"
comprise the greater part of the sequence. Conglomerate hdrizons are
present, but are rare.

.'Coafser beds are.dark grey to dark grey-green in colour, hard, and
'composed of perly‘SOrted'grains, whose maximum size rarely exceeds 3 mm.
Determinable:clasté in hand sﬁeCimens-are grey to green chert, rare vol-
cahic'rgck ffégménﬁs'and argi1iité fraéments° Large argillite fragments.
are common in some horizons. Although the texture is preserved in these
rocks, in hand»speéimené grain boundariesvcommonly are indefinite and
blurred; and the1qﬁly:clastS with sharp boundaries are argillite frag-
meﬁtsg‘b o | | |

Very fine-grained sandstones and siitstoﬁes commonly form thin beds
ranging in'thickneSSVfrom_l inch fo 4 inches, within dominant argillites.
- The fine.granﬁlariﬁy'df these rocké, générally does not allow grading, as

shown by overall range in grain size within a bed, to be directly observed
in hand specimen, but it is apparent as a hue change from medium to dark
grey as.grain size becomes smaller and argillite content increases. In -
vsomé beds grading ﬁay bé'repeated sevéral times, with the formation of
irregﬁlarly spaced'laminae, Load casts, many of which afe‘minute, and
.smallvcut—and—fill»stfucﬁures are'commonq
One conglomerate bed ébout 6 feet thick within this graded sequence
is composed of well-rounded cobbles of feldspar porphyry with euhedral
feldspars in a pale grey to green felsitic groundmass; the cobbles are
scattered through a poorly sorted sandstone matrix.
In the coarser clastic rocks, a crude foliation, roughly parallel to

bedding,is present. In the fine rocks this foliation is present, but is
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extremely difficult to distinguish_from bedding.

Microscopic examination of the common finer grained rocks shows them
to be poorly sorted, below a certain maximum size of abouﬁ 0.5-mm. Where
balteration is not extensive, the rocks consist largely of plagioclase
feldspar,kwhi¢h is’méiniy‘aibite, and loW—bireﬁﬁingent_chloritic (?)
matrix. Quartz'grains‘are fgre éfiaﬁéént; bﬁt;fragmenfs of:argillite are
‘ pdﬁmoﬁ..:ln mbgt;plégesgiﬁéwéﬁéf;féiﬁéfatioh1of gfains in these rocks is
s0 é#fénsiVe'thé£;£heir’ofiginél ééﬁpdSitibn‘cannot’be‘directly determined,
but can only be'inferred by énaiogy wifhlpartlylaltered grainé, Altera-
tion or replacement of plagioclase ciasts is commonly to calcite, less’
commonly to bréwn;vsemi—opaque clay mineréls énd rarely to fine—grainéd
aggregates of guartz (Figure %5.. |

Clastic rocks of this éequence which are coarser than argillites are
called gltered plégioclase arenites or volcanic arenites (after Folk,

1961; see Appendix A), largely on the basis of the composition éf the few
little-altered rocks within the sequence; |

The proportion of finer grained material in the succession increaseé
: ﬁowards the stratigraphic.top. Just below the contact with the oveflying
limestone ﬁhe'sequence 1s composed entirély of thinly-bedded, black, rusty-
weathefiﬁg, argillites. o |

Apparent thickness of‘ﬁhis sugcesSion_éxﬁosed»dn the south side of
Spencer‘Peak, above:Tamihi Creék; is mo:é'than 2,500 feet; in'SlesseFCreek
Valley the thickness is less than 1,000 feet. These.estimates of thick- |
néss do not take into account duplication of bédding by folding, which is
locally directly observea, aﬁd commonly: indicated by repeated inversions

of graded bedding.
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The upper contact is well expoéed on the south side of Spencer Peak,
above Tamihi Creek, at an éltitude of approximately 5,000 feet. In this
locality the conﬁact'is'gradaﬁional, Several ﬁhin beaé of limestone are
present within argillites of the clastic sequehce immediately below the
contact With;thé main‘limééﬁoﬁébﬁddy; . |

The stratigraphi§ baée of,thié séquence has not been seen in the map-

aregx.:Qn»tﬁe:Séﬁtﬁwespigide of:Spéﬁcef Cfeék;‘and in Slesse:Creék.Vglley_
.ﬁhe seqﬁén§é o§efiies'LOWerxPefﬁiéﬁ.Qoléanic.rocks and minor LowernPermiaﬁ
limesfone. The lower qoﬁtaét has ﬁot been observed, but is the assumed
flaf-lying fault on‘thé base of the McGuire Nappe.

Autbchthon_ | | |

Qné and‘one.half miles southwest of the peak of Church Mountain black
chérty argiilites are in'contaét with the structural base of limestone
containing Lower Pennsylvanian fusulinids. These rocks are lithologically
. similar to'rocks_of the lower clastic sequeﬁce stratigraphicallyvbelow
JPennsylvanian limestoﬁéAin the McGuire Nappe. However, more detailed
mapbing is‘neéessary in this.part of the map-area before‘they can be cor-

related with roqks‘ofvthevlower c1astic sequence in the McGuire Nappe,
as the structural interpretation of this part of the map-area, based on
present mapping, indicates that they are part of the upper clastic se-
quence. Similar black cherty argillites are also associated with Pennsyl-
vanian limestone.in Liﬁmchen Creek Valley.
Fossils

Fossils are rare in this clastic sequence. Organic hieroglyphs
(worm markings) have been observed. Sméll; acﬁte conic, hollow structures

up to about 3 cm. long, referred to as belemnite-like fossils by Smith
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(1962, p.17, p.32 etc.), are present in clastic rocks associated with
Pennsylvanian limestone on the northeast side of Mount McGuire and to the
scuthwest of the summit ef Church Mountain (Fossil Localities 32 and 49,
Plate 1). These structures are of unknown origin; according to J.A.
Jeletzky (oral coﬁmunication,vJuly 1964) they”are not belemnites, but may
be related to.pteropods. »Pborly preeerved, unidentified pelecypods and .
gastrepeds are preeeﬁt in'reeke'ef this.sequence in Liumchen Creek, in
.~ the vicinity of the Penneylvanian-limestone.

Daly (1912, p«513).in his Section 3 on the west side of Mount McGuire,
reported brachiopods, eehinoderms and bryozoans in shales.below the lime-
stone, believed by the present writer to be of PennsyIVanian age. None
has been found by the writer from what appears to be Daly's locality.

Age

As these rocks underlie limestone of proﬁable Lower Pennsylvanian
age, and are gradational with ity they are in part, of probable Lower
Pennsylvanian age. As no stratigraphic base of the sequence is seen, the
age of rocks in the lower part of the sequence is not certain. No Miss-
issippian rocks are‘known from the map-area, although Devonian rocks are
present immediately to the southwest (Moen, 1962, p,15), Further mapping
in the Liumchen Creek area, and to the southwest of it, may reveal the
relatienship between>this sequence and the Devonian limestones.

Environment of deposition

No unequivocably marine fossils have been found by the writer within
the lower clastic sequence. The uppermost part, gradational into lime-
stone containing crinoid columnals and corals, is presumably of marine
origin. Daly (1912, p.513, Section 3) reported brachiopeds, bryozoans

and echinoderms from what is possibly this sequence, just below crincidal



-38-
(PennSyivanian ?) limestone. The remainder can only be inferred to be of
marine origin,'

Overall fineness of grain and poor sorting indicates that.these rocks
were laid down in a_pfedomihantiy low-energy environment. Graded bedding
indicates deposition by turbidify currents, énd although some finely lam-
inated beds may have been_produced by settling-out of very fine grains
widely distributéd by “ﬁormal" marine cufrenfs, load caéts and cut-and-
lfill structures’Suégest that ﬁdét beds were laid-ddéwn by the former mech-
anism. The rare conglomerate horizons have a high‘matrix to grain ratio,
with cobbles suspended in a poorly sorted matrix whose largest grains are
sand-sized? a fabric typical of turbidite sequences. Rounding of cobbles
is presumably due to abrasion prior to final transport and deposition.

The abundance of plagioclase grains in the less altered rocks, pres-
ence of volcanic clasts, and.low quartz'content of these rocks suggests
tgét volcanic rocks predominated in the source area. No evidence of dis-
tance from source was obtained,'aithough the gradual overall decrease of
grain size upwards may indicate relative lowering of the source area, or

else increase in distance of the source from the site of deposition.
Red Mountain Limestone

Limestone of Pennsylvanian age stratigraphically overlies the clas-
tic sequence described abcve. Althdugh this limestone is a relatively
‘thin unit of minor areal extent within the map-area, it is one of the prin-
cipal stfatigraphic markers within the Chilliwack Group as presently de--
fined.

It is proposed that the term "Red Mountain Formation", originally
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applied by Danner (1957, p.115) to*Pennsylvénian limestone and associated
but undifferentiated clastic rocks which crop~out just southwest of the
map-area be restricted to Red Mountain Limestone. The Pennsylvanién lime-
stone described by Danner is correlative with.that in the map-area. The
geographié_term-"Red»Mountainﬁ is retained as the . limestone is well-devel-
oped, éXCellently exposed anasreadilj‘accessibie in a quarry on Red Moun-"
taiﬁ in n@rtherﬁ Wésﬁingﬁon.'gli ﬁés'bééh'déscribed in some detail from
.this loéalify by'Smithv(1962,‘p.15¥i7), who measured a total thickness of
‘5é2% feet. Danner's original:“Red Mountain Formation® has been restricted
to Red Mountain Limestone és the limesfdne élone is a distinctive and
readily mappable unit over a wide aréa. In contrast, the associated clas-
tic rocks are rarely fossiliferous, commonly covered, and so similar in
lithology to'units éf ofherbages in.the regidn, that their relationship to
the Pennsylvanian limestoﬁe must be seen diréctly before their stratigraphic:
position is certain.

On the basis of faunal collections, Danner (1957, p.136) ascribed
an age of Late Mississippian to Early Pennsylvanian to the limestone
cropping-out on Red and Black Mountains, which lie about 5 miles southwest
of thé map-area. Further studies have lead the above author to beliéve
that an Eérly Pennsylvanian age is most probable (Danner, oral communica-
tion, November, 1964).

Smith (1962) described five sections‘of this limestone at five dif-
ferent localities in northern Washington. He correlated these sections’
using lithologies, stratigraphic relationships between the limestone aﬁd
contiguous units, and certain fossils used as rock components rather than

biostratigraphically.
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Danner (oral communication) collected fusulinids from limestone about
one and one half milés southwest of the peak of Church Mountain (Fossil
Locality 49, Plate 1), in the'sbuthwestern part of the map-area. These
fusulinids were consideréd by J.W. Skinner to be of Morrowan age, and ‘the
limestone to be correlati§e with.Penhsjlvaﬁiah limestone on Black Mountain.

| As no other fusulinids capable of providing a precise age have been
‘found in the Pennsylvahién 1imestoﬁe_elsewhere in the map-area, several
other criﬁéria, similar to thosé employed by Smith (1962) are used in
correlaﬁing this 1imeétoné within the map-area. The limestone commonly
contains very large crinqid columnals (Figure 8), which seem to be restric-
ted in this region to Lower Pennsylvanian rocks (Smith, 1962, p.82, W.R.
Danner, oral communication). In addition, "belemnite-like" fossils of
Smith, 1962, (possibly pteropods) have only been found in association
 with‘Pennsylvanian limestone in northern Washington (Smith, 1962, p-82)
'and'ére preseht in the‘mép area in similar association. The limesténe in
the map-area is‘not uncommonly argillaceous, in contrast to the typically
cherty Permian-liméstonea It stratigraphically overlies, and is partly
gradational with, fine clastic rocks, and is commonly overlain strati-
graphically by a coarse clastic sequence. These criteria, when taken to-
gether, enable reasonable confidence to be placed in correlation of this
unit across the map-area. Correlation by tracing out lithology can only
be done locally as the limestone in many places occurs as a series of
discrete lenses.

McGuire Nappe

The Red Mountain Formation is part of the core of the McGuire Nappe.

The formation is well-exposed onFSpencer Peak, two and one half miles



Figure 7: Photomicrograph (thin section, plane light, X40) of
poorly sorted, fine-grained sandstone of the lower clastic
sequence. Most grains visible are feldspar, commonly altered
to brownish clay minerals (?) and carbonate. Rare quartz
grains (Q) are present. Groundmass is composed of chlorite,

carbonate and wisps of argillaceous material. Note crude
(left to right) foliation.

Figure 8: Large crinoid columnals in Red Mountain Limestone
in Liumchen Creek, about 4 mile north of International Boundary.
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southeast of the summit of Mount McGuire, and crops—out on ridges north

and east of this peak, on both sides of Slesse Creek Valley at altitudes
between 2,000 and 3,000 feet, and at a few localities on the north.sidq

of Chilliwack River.

The Red Mountain Limestone is typicaliy ﬁedium to dark grey in colour
and weathers tan or grey—white.  It‘is locally divisible into three units
of approximately equal thiékness, although commdnly deformation. and re-
crystallization are too great to allow anj>differentiation to be made.

The lowest unit is thin to mgdium bedded with irregular bedding surfaces,
which are separated by calcareous shale laminae. Above this there is a
massive unit, and the tbp unif is similar to the lowest one. Chefﬁ no-
dules are rare in this limestone, in marked contrast to their ébundance
in the Permian limestone.

Recfystallization has usually destroyed or obscured original textures.
Where textures areApreserved;vtheSe rocks are either argillaceous fossil-
iferous miofudites (after Folk, 1959) or, less commonly, biomicrudites.
Locally, the limestone consists of large crinoid stems; commonly an inch
or more in diameter and up to almost 1 foot long in a matrix containing
sméller crinoidal material (Figure 8). Although the matrix of these crin-~
oidal limestones is invariably recrystallized, thelpoor sorting, and the
lack of observed orientation in the primary fabric,indicates they are crin-
oidal biomicrudites. Even where the limestone is coarsely fecrystallized,
the large crinoid stems remain Visiblé. The crinoid stems do not appear
to be confined to any particular horizon within é%é limestone. On Spencer
Peak they are present in a separate bed of limestone about 18 inches thick,

within argillites just below the main limestone body. Elsewhere they occur
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within the massive unit. Scattered oolites have been observed.at the struc-
tural base of limestone containing large crinoid stems, on the north bank
of Chilliwack River, north of Slesse Creek Valley. |

| The appareﬁt thickness of this limestone in the McGuire Nappe is no-
where greater than 200 feet, and is usually less than 100 feet. It is
locally‘absent, the 1imestoné appearing as a series of discrete lenses,
thch appear to, lie on the same stfuctural plaheo It is not known at
present whether this.lateral discontinuity is a primary depositional fea-
ture, or whether it is dﬁe to subsequent deformation.

The lower contact is partly gradational with stratigraphically under-
lyiﬂg rocks, a few thin beds of limestone being present at the top of the
underlying fine clasﬂic sequence. The limestone is stratigraphically over-
lain by a éuccession in which coarse‘clastic rocks are prominent.

Liumchen Nappe

Abéut half a mile east of Bridal Falls in Fraser Valley, and at the
base of the north side of‘Mount Cheam, in the northernmost part of the
map-area, crystalline limestone is quarried. It is briefly described from
this locality by Mathews and McCammon (1957, p.40). The limestone can be
traced up the mountain to the west and is overlain and underlain by fine
clastic rocks. This limestone is not siliceous and contains crinoid stems.
It maflbe equivalent‘to the Red Mountain Limestcone farthér south in the
map-area, and is possibly a part of the Liumchen Nappe.

Autochthon

An isolated outcrop of limestone containing fusulinids of Lower Penn-

sylvanian age is present about one and a half miles southwest of the peak

of Church Mountain. Limestone containing large crinoid ossicles is inter-
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bedded with fine clastic rocks in Liumchen Creek Valley about three-
quarters of a mile north of the Internationsl Bouﬁdary. Further mapping

is necessary before the structural relatioﬁship between these two lime-
stoneé is established, although they are believed to be the same formation.
Fossils

Small fusulinids collected by W.R. Danner and identified by J.W.
Skinner (Qritten communicafiqn to W.R. Danner, October, 1964) from the
limestone southweét of thé_summit bf-Church Mogntain are identified as
BEostaffella and Millerella. Rare endothyroid foraminifera are the‘only
‘other fqraminifera that have been observed in this limestone elsewhere in
the.map;area. Small, unidentified horn‘éorals and rare colonial corals
are present, and appear to be restricted to the shaly phase of the lime-
stone, as do rare fucoldal markings on bedding planes. Bryozoan and brach-
iopod fragments havé been observed in thin sections. Crinoid columnals of
all sizes are ubiquitous.

Daly (1912, p.513, Section 3) collected brachiopods and bryozoans
from what is probably the'Pennsylvanian limestone on Spencer Peak. 'These
fossils were not found by the author at this locality. ,Girty (in Daly,
1912, p.515) noted that this collection seemed to differ considerably from
other faunas obtéined by Daly from Palaeozoic rocks in the Chilliwack
Valley area. This difference is presumably because rocks at other local-
ities from which Daly obtained diagnostic fossils are Permian rather than
Pennsylvanian in age.

Age and correlation

Age of the Red Mountain Limestone in the map-area is based on the

I
presence of the fusulinids Eostaffella and Millerella, which J.W. Skinner
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considers to be of probable Morrowan, (Early Pennsylvanian) age. Skinner
has also identified similar forms from limestones at the Red Mountain type-
locality in northern Washington, just southwest of the map-area. These
fusulinids are considered by Skinner to establish correlation of the Penn-
sylvanian limestone from the Chilliwack Valley-Red Mountain localities with
the Coffee Creek Formation of Suplee, Oregon, and with limestones at Har-
per Ranch, pértheast of Kamloops; British Columbia.

Danner (19605, p.3) and Smith (1962, p.84) correlated Pennsylvanian
limestones from the Red Mountain locality with limestcne at several other
localities in northern Washington, ﬁsing both palaeon£ological and rock-
stratigraphic evidence. Limestons containing both large and small crinoid
ossicles crops-out in the east side of tﬁe south end of Harrison Lake, to
the north of the map-area (Crickmay, 1930b, pp.35,38). This limestone was
considered by Crickmay to be of Pennsylvanian age, and is thus believed by
the writer to be possibly equivalent to the Red Mountain formation in the
map-area.

Environment of deposition

The marine crigin of the Red Méuntain Limestone is demonstrated by the
presence wi%hin it of corals and echinoderm fragments. Sparse ocolites have
been observed in the limestone at only one locaiity, and the éommon argill-
aceous content and textures seen in limestone that has been little recrys-
tallized, suggests‘deposition in a low-energy environment. The base of the
limestone is‘gradational with the underlying glastic sequence, and the
lower part of the limestone is argillaceous; massive 1imestbne occurs in
the middle part of the unit, and the upper is again argillaceous. The

limestone may have been deposited largely because the supply of clastic
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sediments ceased, poséibly a éontinuation of the trend evident in theeunder-
lying clastic sequence, which generally becomes finer upwards. .When.clas—
tic deposition was renewed, the carbonate particles became too. dispersed

to form a discrete, lithologically homogenous unit.
Upper clastic 'sequence

A sequence of‘clastic_rocks separating the Pennsylvanian and Permian
" limestones in Chilliwack Valley area is called, for reference purposes,
the upper clastié‘seQuenceo It is an areally extensive, major part of the
Chilliwack Group in the map-area. Although the upper clastic sequence is
of roughly similar composition to the previously described lower clastic
sequence, it contains a far higher proportion of coarse sand-sized clastic
rocks and is part1y composed of the products of contemporaneous vulcanism.

Exact age of this sequence is problematical. Tt is believed to con-
tain both Lower Pennsylvanian and Lower Permian rocks, and to include a
hiatus, or hiatuses, possibly reﬁrésenting Middle and Late Pennsylvanian
time. Division of the sequence into Pennsylvanian and Permian rccks has
-not been effected at present because neither diagnostic fossils, nor an
unconformity or unconformities, have been recognized°

On Mount Laughington and Cheaﬁ‘Range

Altered volcanic arenites asscciated with Permian limestone on Mount
Laughington structurally overlie Mesczcic rocks of the McGuire Nappe.
These volcanic arenites are lithologically.similar to rocks stratigraph-
ically below Permian 1imestoﬁe in the McGuire Nappe, and are considered
to be part of the same sequence. Fine cherty argillites contiguous to

Permian limestone on Mount Cheam (Fossil Locality 9) may possibly belong
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to the same sequence.

McGuire Nappe

Rocks comprising this sequence are present on Mount McGuire, on the
east side of Slésse Creek Valley and on both sides of Chilliwack Valley
between the juhctions of Slesse Creek and Chipmunk Creek with Chilliwack
River. These rocks form the upper part of the core of the McGuire_Nappe.

The upper clastic sequence in the McGuire Nappe consists of a basal
few feet of argillite which is stratigraphically overlain by massive to
thick;bedded, locally oliff-forming sandstones and minor tuff and conglom-
erate, interbedded with argillaceous rocks. The latter are much less
prominent topographicélly and are comménly poorly exposed but probably
comprise the greater part of the succession.

Within this sequence are present £hree different types of clastic
rocks composed of predominéntly sand-sized grainé; to some extent these
three types grade into one another.

Clastic rocks of the first type are quartz-poor volcanic arenites and
are the most common; They are typically oiive—grey to tan weathering, and
green, grey-green, or grey in colour. These rocks are unsorted and com-
posed of angular clasts of all sizes, the largest-clasts being granules or
pebbles. There is no sharp differentiation between grainé and matrix.

The finer grained rocks occur as thin, graded beds. More massive and
coarser grained beds are of uniform texture for much of their thickness,
with'markedly coarser clasts present only at the base of the bed. All bf
these rocks commonly have a crude foliation, with clasts being flattened
and grain boundaries blurred and indistinct, as a result of later deforma-

tion. They are composed of varying proportions of altered volcanic rock
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fragments, plagioclase feldspars and minor fragments of argillite. The
volcanic fragments megascopically resemble grey or green chert, but micro-
scopically have tuffaceous textures or are composed of small, interwlocking
feldspar laths. Although these fragments are commonly altered to saus-
surite, chlorite, or clay minerals, original textures ére still discern-
ible. White or>pale green albite or oligoclase, showing varying degrees
of alteration to sericite;_semi—opaque,.low—birefringent clay minerals,

or, less commonly, calcite, is‘pfesent in amounts of up to 30% of the rock.
Chloriﬁe is preéent-throughout and quartz is very rare, or absent (Figure
9). Rocks of this first type are lithologically similar to rocks from the
Miocene of Papua described as greywackes by Edwards (1950, p.146). For
reasons given in Appendix A, the writer prefers to use Folk's terminology,
and these roéks are called altered volcanic arénitesa There may be some
admixture of effectively. contemporaneous volcanic material, but this can-
not be demonstrated; and the rocks are considered to have been derived
from a pre-existing volcanic terrane.

In contrast to the above rocks, in which quartz is minor or absent,
sandstones of the second type, which are much less abundant, are maroon,
.pale green or silvery-white in colour and contain up to 10% of angular to
rounded, clear quartz grains. Apart from very rére, unaltered albite
clasts, guartz is thevonly unaltered material; the remainder of the grains
are completely altered to semi-opaque, low-birefringent materisl or cal-
cite, and contain chlorite, epidote and sericite. Some clasts are compocsed
of altered shardsa( The maroon sandstones owe their colour to disseminated
grains of hematite. Origin of these quartz-bearing rocks is unknown.

Quartz-bearing vitric-crystal tuffs are common in the volcanic sequence
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which stratigraphically overlies the Permian limestone, which is above
this upper clastic sequence. Similar tuffs were possibly produced by
vulcanism outside the map-area during the time that the upper clastic
sequence was being deposited. These quartz-bearing tuffs may have been
mixed with the more common vdlcanic arenites during deposition.

Rocks of the third type are true lithic tuffs, composed largely of
rock fragments, with very minor amounts of feldspar and quartz (Figure 10).
These tuffs ére present locally“near the top of the upper clastic sequence.
They différ from the more common volcanic arenites in having.a higher ma-
trix to grain ratio, andfin containing shard—éhaped to pumiceous clasts,
now largely altéred to chlorite. They ére'interbedded with argillites
confaining molds of crinoid columnals and bryozoans and grade vertically
downwards into volcanic arenites.

A cbbble conglomerate, within the upper clastic sequence and about
Zvaéet thick, crops-out on the west side of the ridge north of Spencer
Peak, above the Pennsylvanian limestone. It is composed of rounded cobbles
of altered basic to intermediate volcanic rocks and cherts, set in a ma-~
trix of smaller, angular clasts of similar composition. The matrix to
grain ratioc of this cobble conglomerate is high.

Apparent thicknesses of the upper clastic sequence in the McGuire
Nappe are variable. The sequence is more than 800 feet'tﬂick on the east
side of SlésSe Creek., Due north of Spencer Peak it is not more than 450
feet thick. It is not known whether this variation in thickness is primary,
or is due to an unconformity within the sequence, or is the result of
deformation.

The lower contact of the sequence is conformable with Pennsylvanian
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Figure 9: Photomicrograph (thin section, plane light, X40)

of coarse-grained volcanic arenite of the upper clastic
sequence, exposed on the east side of Slesse Creek Valley.
Most grains are feldspar (some denoted by F); others are
saussuritic volcanic rock fragments (dark), or "chert" (C);
chlorite is interstitial. Foliation is poorly shown in thin
section, but is apparent from the oriented long axes of grains.

Figure 10: Photomicrograph (thin section, plane light, X40)

of lithic tuff at the top of the upper clastic sequence,
exposed 1% miles northeast of Mount McGuire Peak. Grains are
mainly altered lithic fragments; rare feldspars (F) and quartz

(Q) grains are present. Rock has a much higher matrix to grain
ratio than the volcanic arenite (see Figure 9).
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limestone. A few.feet of argiliite, the basal part of the seguence, sep-.
aratesthe limestone from overlying coarse vblcanic arenites. Permian lime-
stone conformably overlies the sequence, with a similar transition from
coarse vqlcanic arenites, or tuffs, théough a few feet of dark argillaceous
rocks, to 1ibestoheo This contact is visible and readily accessible in-
the‘road.at the cenfluence of Slesse Creek with Chilliwack River.

Liumchen Nappg

Volcanic areﬁites, probably part of the Liumchen Nappe, are litholo-
gically'similar to those of-thevMount McGuire Nappe and crop-out above
Permién limestone at an elevation of 2,000 feet, three miles west of.Mount
Cheam, and one mile southwest of Bridal Falls. Due south of this locality
at an altitude of 4,000 feet similar rocks underlie Permian limestcne.

The association of these clastic rocks with Permian limestone, and their
lithological similarity to rocks of the ubper clastic sequence in the
McGuire Nappe suggest they are part of the same stratigraphic unit.
Autochthon

Coarse-grained, massive, tan weathering, dark grey to grey-green vol-
canic arenites, conglomerate and interbedded éhales structurally overlie
inverted Permian 1imestoné just west of the summit of Church Mountain, and
are apparently overlain by Pennsylvanian limestone, although further map-
ping is needed to verify the latter relationship. The stratigraphic
equivgleﬁce of these clastic rocks to tge upper clastic sequence in the
McGuire Nappe is shown both by their lithological similarity and also by
their relétionship to the Permian limestone.

The sandstones are composed of volcanic rock fragments and fairly

fresh feldspars (albite to oligoclase), with very minor quartz:and inter-
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granular chlorite (Figure llj. The grains.are angular and sorting poor.

In conﬂrast to rocks of the equivalent sequence in the McGuire Nappe, these
clastic rocks are much less altered; the grains are fresher, and there is

ﬁo penetrative foliation developed through the rock.

A cdnéloﬁerate’bed within thé'sequence, reported earlier by Hillhouse,
(1956, p.14) and Danner_(1957,vp.119); consists of well-rounded boulders
and cobbles of altefed iﬁfermediate tolﬁasic lavas, chert and some lime-
stone, sét in a gféeh‘to grey'volcaﬁic or plagioclase arenite matrix. The
grain to-matrix ratio is»variable, but'in many outcrops rounded cobbles of
volcanic rock are dispersed thrbugh green to grey volcanic sandstone, and
the rock is a séﬁdstone containing cobbles, rather than a conglomerate.

The conglomefate outcrops extensively on Church Mountain,vand has a thick-
_ ness. of about lOO‘feet.

Thickness of all clastic rbcks Qf this sequence on Church Mountain
is estimated~to_approach 600 feet.

Argillites of the upper clastic sequencé in the McGﬁire Nappe contain
moldé of small crinoid columnais, fénesteilate bryozoans and brachiopod
fragments, but these fossils are relatively rare. One graded bed on the
northeast sidé of Mount McGuire (Fossil Locaiity 33) éontains belleroph-
ontid gastropods, pteropods (?) and fragmental brachiopods. A similar
faunal assemblage is reported by Smith (1962, p.29) in clastic rocks inter-
bedded with Pennsylvanian limestone in northern Washington. West of Spencer
Peak (Fossil Locality 40) shales contain étraight nautiloids, brachiopod
fragments and pteropods (?).

. Plant fragments are present in volcanic arenites on Church Mountain
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(Fossil Locality 50). Identifiable fossils are largely stem fragments of

Calamites and less commonly Lepidodendron. No identifiable associated

microflora has been found. Pteropods (?) similar to those present in
rocks of the equivalent sequence in the McGuire Nappe are associated with
these plant remains.

Age and correlation

Exact age of the upper clastic sequence is not known. DNo fossils
idenﬁified-are sufficiehtly diagnostic £o demonstrate whether the sequence
is either Pennéylvanian or Pefmian in age. Plant fossils found in the
sequence in the mab-aréa'indicate a possible Pennsylvanian or Early Permian
age (G.E. Rotée,’oral communicatién)( In central Ofegon, a flora is pres-
ent in clastic rocks overlying Pennsylvanian limestone (Merriam and
‘Berthiéume, 1943) .  Ihis limestone is correlated by J.W. Skinner, on the
basis of fusulinids, with the Pennsylvanian limestone on Church Mountain,
ﬁhich also ﬁrobably stratigraphically underlies plant-bearing rocks of the
upper clastic sequence. However, even if iﬁ is assumed that the identical
stratigraphic positions of floras in the Chilliwack Valley and central
Oregon allow the floras to be correlated, the Oregon flofa can still only
be dated as Pennsylvanian (Maymay and Read, 1956, p,227),'

In éll localities in this region from which plant fossils are known,
they are present in clastic rocks associated with Early Pennsylvanian
limestone (Danner,. 1957, p.127, Smith, 1962). As no report has been made
of any plant fossils in rocks associated with Permian limestone alone, an
Early Pennsylvanian age would seem likely for these clastic rocks.

However, lithological evidence appears to contradict this conclusion.

Danner (1960b) suggested that a stratigraphic break existed in the region
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between rocks of Early Pennsylvanian and Early Permian age, with Early
Permian coarse clastic rocks lying disconformably on top of Pennsylvanian
limestones. Erosion of possible Pennsylvanian rocks is indicated by the
presence of a rounded limestone cobble containing either Pennsylvanian or
Permian corals in conglomeréte between ?ennsylvanian and Permian limestone
on Black Mountain in northern Washingﬁon (Danner, 1957, p.147). 1In the
map-area, a stratigraphic break méy be indicatéd by, the suaden appearance
of cdarse clastic rocks, apparently conformable on a few feet of fine
clastic rocks overlying Pennsylvanian limestone, and the continued depo-
sitiqh of similar coarse clastic material until the overlying Lower Per-
miaﬁ limestone was léid—down, Tuffs in the upper part of this clastic
sequence may be related to Early Permian vulcanism, which is partly con-
ltemporaneous with the Lower Permian limestone.

No direct evidence for a hiatus.in this sequence can be given, al-
though the sequence seems very.thin to represent all of the time between
Early Pennsylvanian and Early Permian, particularly as the type of sedi-
mentation indicated by textures of these rocks is commonly typical of
thick, rapidly accumulated sequences. As the apparent thickness of this
sequence varies, even within one tectonic unit, unconformities may be
present within it. Possibly turbidity flows and élides caused erosion of
previously deposited unccnsolidated material. Available evidence can only
suggest that rocks ranging from Early Pennsylvanian to Early Permian in
‘age are present in the sequence, possibly separated by one or several
hiatuses, “which may represent much of this time.

Correlation of these rocks, with similar rocks in northern Washington

has been made (Danner, 1957, Smith, 1962), and they may also correlate
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with plant-bearing rocks in Oregon (éee above) . Crickmay (1930b; p.35)

- reported a clastip sequence containing conglomerate, from the .Harrison

Lake area. Some-pebbles in the conglomerate are fossiliferous Pennsyl-
vaniaﬁ limestone, and Crickmay dated the conglomerate as poét:Pennsylvanian,
pre-Early JuraéSic.‘ Thisbconglomerate is possibly equivalent. to.conglom-
érate in the upﬁer clastic sequence in the map-area, although the only
basis for this correiation is the géneral lithological similarity of

these congiomerateso

Environment of deposition

A marine origin for some of these roéks is demonstrated by the pre-
sence of crinoid columnals and bryozoans in argillaceous rocksbof the
sequence in the McGuire Nappe. Because pteropod-like fossils, occurring
with nautiloids and brachiopods in rocks of this sequence in the McGuire
Nappe, are assoéiated with plant fossils.in_clastig rocks ofvthe autoch—i-
‘thoﬁ, the latter rocks may'well be of marine origin. Daly (1912, p.511)
reported the occurrence of planf fossils associated with brachiopods,
‘bryozoans, echinoderms, and clams in what are possibly rocks of this se-
quence in the autcchthon. Available evidencé therefore suggests that all.
rocks of the upper clastic sequence are of marine origin,

No cﬁfrent bedding has been observed in any rocks of this sequence.
The presence of graded bedding suggests that turbidity flows were the
final tranépofting mechanism for some of the beds. However, this sequence
is not the rhythmic alternation of graded beds and shales seen in typical
turbidite sequences (see Kuenen, 1964, p.20). Beds composed of coarse
clasts are commonly poorly graded, or not gréded at all, and were possibly

deposited by"thp mechanism akin to both turbidity flows and sliding proposed
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by Dzulynski et al.(1959, p.1114). Conglomerates, containing well-rounded
cobbles, generally have a high matrix to grain ratio, with cobbles dis-
persed through a volcanic arenite matrix. This kind of texture .can .result
6nly from transport and deposition by a medium of relatively high viscosity,
such as a turbidity flow or:slide'(ggg Pettijohn, 1957, p.228).. As. round-
ing of the cobb1es.must havé occurred prior to final transport by.such a

- mechanism, matefiél.forming these conglomerates appears to have“beep,trans—
ported initially a%d rounded By stream action, temporarily laid-down and
then finaily debosited by turbidity flows or slides. Stream transport
history was only of sufficienﬁ length to allow the largest clasﬁs to

become rounded, and sand—sizedbélésts remained angular (gee Pettijohn,
1957, p.63). Such congloﬁerates, deposited by turbidity flows, can be

1. (1959, p.1113) report a conglomerate bed

wildespread. Dzulynski et
which was traced for 30 km. with little change in boulder size, although
the thicknesélof the bed was observed.to diminish. Danner (1957, p.119)
stated that a cobble conglomerate 150 feet‘thick separates Pennsylvanian.
limesfone froﬁ Permian limestone on Black Mountain in northern Washington.
" The stratigraphical'positioh,of this conglomérate is identical to that of
the lithologically similar, but thinner, conélomerate on Church Mountain.
If these congiomerates are the same bed, then the conglomerate bed is
possibly comparable to conglomerétes of Dzulynski et al., aé the Black.
Mountain and Church Mountain 1ocaiities are (now) 8 miles apart.

These clastic rocks were derived from a source area composed largely
of volcanic rock,.with minor limestone. Absence of any metamorphic, or
granitic detritus indicates that no deep erosion of the source area toak

place, and that uplift of the source area was probably not great, and was
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relatively short lived. The éxtent to which vulcanism contemporaneous
- with deposition contributes to the sequence 1s not established,.although
primary tuffs are present in the uppef part of the sequence in.the McGuire
Nappe. Altered quaftz—béaring clastic~rocks, interbedded with wvolcanic
arenites, are possibly thé‘prdduct'of'direét deposition from showers of
Volcanic ejeétﬂcn,- |

The followinéidépdsitioﬁai'history-is proposed by the writer. Fine
clastic roéké'Weré‘laid ddwn ﬁfior tb, and immediately after deposition
of Peqnsylvaniaﬁ-limesfone, énd the limestone may merely represent a .-
.cessation of clastic supply. Conformably above the few feet of. argilla=
ceoué rock'overlyingbthe liﬁestone are éoarse clastic rocks, interbedded
with argillaceous rocks: The éhange in overall grain size of these clastic ..
rocks, frqm predominahtly‘fine—grained rocks below the Pennsylvanian lime-
stone to coarser clastic rocks above, indicates accelerated growth of the
primary source area abové sea level, following deposition of the Pennsyl-
vanian limestoneo With this accelerated growth, presumably a delta or
shelf was repeatédly constructed from material deposited by streams or
along-shoré currents.-'This accumulated material was then periodically
transported by slides and tﬁrbidity flows from this secondary source area
1o the final sité of deposition. The area above sea level must have been
large enough to allow a primary transport history of length sufficient to
enable cobbles and pebbles to become rounded, and stable eﬁough to permit
a flora to become established. Evidence of continued uplift of the source.
area 1s given by the presence of a_founded limestone cobble, containing
either Pennsylvanian or Permian corals, in the conglomerate on Black Moun-

tain,'northern Washington (Danner,.1957, p.147). ‘Sediment supply to the
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basin of deposition was supplemented by sporadic vulcanism, particularly
in the latest part of the time repres;nted by the sequence. Possibly up-
1lift of the source area was related to subsequent extensive Lower Permian

volcanic activity in the region.
 Permian limestone

_'Lowef Permianiiineétone COnfnfmably.oyerlies the upper clastic.se-
quenné, and'ié iﬁ pant anfacies equivalent to, and in part underlies,
VOicanic rocks of the Chilliwack Gronp. As this limestone is present in
most parté of thé‘map—area, may reaaily be differentiated on the basis.of -
lithology from ovefiying andvunderlying rocks, and is the most prominent
single unit in Chiiliwack Valley, forming characteristic grey-white weather-
ing cliffs;'if ié.the most uéeful stratigraphic marker in the map-area.

.In addition, it is tne only unit so far recognized in the Chilliwack Group
in_the map-area whidh'contains.a widely distributed fauna capable of pro;
viding én unédui?ocable and piecise age. As this iimestone is distinctive,
‘mappable and of lithoiogicai homogeneity and is an important part of the
'Chillinack Gréup in the map-area, it is clearly of formational status.
Howéver;>formal désignation of a formation requires thé description of a
type-section. Further work is necessary before this can be done, even

" though nost other details necessary for the establishment of a formation
afe known. Tnerefore, tne'writer feels that-no.nseful purpose is served .in
applpinging formational name to this rock unit until a type-section is
described in detail. This unit is accordingly called the Permian linestone_
in this report.

Daly (1912, p.512) found limestone containing bryozoans, brachiopbds
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énd_Fusulina e1ongata Shumard just southwest of the map-area,.in northern
Washington. ‘Girty (in Daly, 1912, p.515> suggésted that this.fauna. pro-

bably correlated with that in. the Nosoni Formation of northern. California,
now regardéd as Lower Guadalupian‘in‘age (Dunbar et al., 1960). Thompson

t 1.‘(1946;ﬂp;1;) regard>E.‘elongaté.Shumard’as_probably belonging..to

~ the genus-Parafusulina, thch would give either a Leonardian or.Guadalupian
Hégesﬁé;thié'iimééﬁoﬁe inﬁthe.mép—areé;' Therefore, discovery of F. elongata
Shumérd;is3the‘eérliést recdrdéd e&idenée.of'Permian rocks in the ares,
althoﬁgh;Daly made.no attempt to differentiate'focks in the Chilliwack. .
Group- on the basis of age. | |

Hillhouse (1956,_p.15) noted fusulihid—bearing limestone on the south .
ena of International Ridge iﬁ the SOuthwestern part of the map-ares,- but

gave nO'descfiption'of the fusulinids.

Dannerv(1957, p.lSB) applied the term Black Mountain Fofmation fo
Permian limestone and.assbciatea, but undifferentiated, clastic and vol-
canic rocks on-BléCk'Méuntain in northern Washihgton. Thié limestone con-
téins an abundant fusulinid fauna,Aconsidered by.Skinner (in Danner, 1957,
.pflﬁl) té be of Wolfcampian age.

" The étratigraphy §f the Permian limestone in.the map-area has not
been studied in detail sufficient to establish whether or not it contains
distinct lithological units. Unfortunately, such units are not apparent
_from_maCrQscqpic'investigationg they would have ﬁo be based on the original
ﬁetrolbgy of the limestone, which has commonly been destroyed or obscured
by subsequent recrystallization or silicification. Therefore a general
description can only be gi&en, with more detailed information from specific

localities.
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The Permian limestone 1s commonly light grey in colour, but. . may..
locally be dark grey, and forms prominent buff, grey or white .weathering
cliffs. In contrast to the Pennsylvanian‘limestone it is only locally.
shaly, and»many horizons have‘a high silica content, manifested.either .as
large black po ligﬂt grey cherfﬁnodﬁlés;fOriented parallel to bedding, or
as A roughrweathering’surface prdduced by_silica disseminated through the
limestone. Fqséiié ;re‘atﬁndéntvin Cerﬁaip.hOrizons but are generally
séarée or:absent,-althoﬁghvthis.aﬁsenCe is poséibly'due partly to subse-

N quént'recryétallizatioqf'.. | . o

Although fécrystallization.hasbcommonly obscured or destroyed the
originai texture of the‘limésténe, the texture may in some cases be in-
'ferredufrom the relationships of preserved allochems to the recrystallized
matrix. Fossils are generally the sole allochems; these were locally
silicified, whefeas.the matrix remained as carbonate, and although sub-
sequent recrystallization has'destroyed ény original textures and struc-
tures in the matrik;-the‘silicified fossils are not affected; If it can
be assumed that generally all fossils are preserved where silicification
has taken plgce, then the common paucity of silicified fossils relative to..
the.abuﬁdance of the matrix indicates that the matrii was originally |
.'micrite; rather5fhaﬁ:Sparite”ana"that these rocks were originally fossil-
iferous micrites (see Folk, 1961, p.141). A few highly fossiliferous
horizons present in the upper partvof the limestone contain abundant ran-
domly oriented fossils, which shéw no evidence of size sorting, in a micro-
sparite matrix. These rocks were presumably originally biomicrudites.
Where no fossils are present, and‘alteration has not progressed beyond

recrystallization of the matrix to microsparite, the rocks were presumably
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originallyvmicrites.

On Mount Laughington and Mount Cheam

Pods of.recrystallized limestohe‘contéining poorly preserved, silici-
vfied, Léwer Pefmian fusulinids are presént on-the summit of Mount Laugh-
iﬁgton;‘and on thé Qéétefnuridge'6f'M6unt Cheam at an altitude of. 6,000
feet_(Fossii'ch&liﬁiéS'? and 11)., As this Permiﬁn limestone.overlies
Mesbzoic-focks wﬁiéh ip.fﬁfn overlié Permién rocks of the McGuire and ..
Liumchen Nappes;.iﬁbis:COhéidered toubelong‘to a separate and higher tec-

tonic unit. -

'>_Pefmian.limest6né'in'the McGuire Nappe is extremely prbminent and is
..:well<expoéed.0ver a‘ﬁide aféa; It outlines a large recumbent anticline
. with.an atpenuatéa or missing lbwer:limb. The axis of this major fold,v
'plunges at éﬁlpw_éngle £6wérds thé northeast. The peak of Mount McGuire
is combosed of limestone_fofﬁiﬂg‘the hinge of this major structure, and
‘ digiﬂétioﬂs on this hinge are exposed as discontinuous limestoné c}iffs‘A
‘on the north sidé of the mountain. The iimestope cliffs appear at pro-
‘gressivéi§3lbwer altitudes‘toWards the northeast, occur by Chilliwack.River
‘at iﬁs confluende Qith Slesse Creek and‘are.present on the north side of
:ChiliiwaCE-VQlley'dniMounté_Thurstdn and Mercer. Limestone comprising the
:uppér limb of the‘fecumbent'énticliné caps ridges due east of Mount McGuire .
vsUmmit;‘and,iﬁs eastward continuaﬁion cropseouf at an altitude of about
4;000 feet, on the east side 6f Sleése.Creek Valléy. From the latter
1ocality the limestone outcrops can be traced into Chilliwack Valley where
they decrease in altitude to the east, and occur on the valley floor:near

the junction of Foley Creek with Chilliwack River. Northward continuation
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of limestone forming this upper limb is present on the south. side.of Mount
vMercer, and in Chipmunk Creek. Local limestone lenses overlying.Permian
voipanic rocks squtheast of the peak of Mounf McGuire, and abave Permian
volcanic rbcks exposed  in a window at the north end of Slesse. Creek .Valley
~outline the.10wer limb of this_récumbent'anticline.

..Thiékness of Permian limestone in the McGuire Nappe varies considerably
across the'ma?féreé;' Beldw’the Summit of Mount.McGuire it is more than
2,000 feet 'thi_c'k,_a ,thickn‘e'svs »}hich is due in part to visible repetition

| o_f bedding by ":f‘o..lding;':;.-Iﬁ‘lo‘vca.a'liﬁiés"vw'ﬁére.the limestone is seemingly
little deformed and cdntinuoﬁs,'such>as high on the east side of Slesse
Creek Valley, the appafent-ﬁhickﬁeés:is in the order of 200 to 300 feet.
Elsewhere, particularly ﬁéar the_eastern limit of exposure of Permian lime=
stone in the McGﬁife Napbe, the limestone forms discrete, commonly thin,
lenses. It is not knpwn whether»phese lenses are of depositional origin

' ‘or‘result from‘déformgtion.

‘Théﬁférﬁiahiiimésﬁoﬂejiﬁ the McGuiré‘Nappe conformably overlies vol-
canic arenites, lithic tuffs and argillites. The transition from coarse
volcanic arenites, through dark-grey argillites to limestone is abrupt,
taking pladelover a fewvfeet. It is stratigraphically overlain by Permian.
.:fléws,'tuffs;‘cherts and‘rarelyg argillaceous rocks. At some localities,
such és just north of the peak of Mount McGuire, the foésiliferous, strat-
‘igraphic top of the‘Permién limestone contains fragments of volcanic fock,
- commonly tuff, up to one cm. in diameter. In some cases, the top of the
limestone is marked by a calcareous tuff composed of volcanic clasts in.a
calcareous métrix; the latter contains a few, unbroken fossils. These

tuffaceous limestones and calcareous tuffs locally form a horizon at the
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extreme top of the Permian limestone, marking the transition to overlying
volcanic rocks.

Liumchen Nappe

_The Liumchen Nappe in Chilliwack Valley is composed largely of Per-
mian Volcanic rocks. A limestone béd? a few feet thick, on the southwest
side of Mount McGuire (Fossil Locality.&l) lies within the dominant lavas
and‘minor tuffs comprising the Liuméhen Nappe. This limestone contains
fusulinids which although not well preserved, appear to be ideritical with
fusulinids in the stratigraphic top of the Permian limestone in the McGuire
Nappe, about 1,000 feet vertically abbve this locality. If this 1iﬁestone
bed can be considered to be ﬁime—equivaleﬂt to the top of the Permian lime-
stone of the McGuire Napbe, then part of the volcanic sequence of the
Liumchen Nappe_iS»a facieé equivalent to at least par£ of the Permian
1ime§tone° |

Pods of Permian limestone, probably‘belonging to the Liﬁmchen Nappe,
are ékposed ét‘an altitude of 4,000 feet on the south side of Fraser Valley,
.about-two hiles'west of Mount Chean (Fossil Localities 5 and 8). They are
overlain by chert and érystal tuffs and overlie clastic sedimentary rocks. .
To the north and west of this limestone, at an altitude of about 2,000
feet, 1im§stone of probable Permian age overlies volcanic rocks and under-
lies volcanic arenites similar to thoée of the upper unnamed‘clastic se-
~ quence. | | |
Autochthon

Permian.limestone of the‘autochthon is exposed on the east sidé of the
summit of Church Mountain, in scattered oﬁtcrops west and southwest bf the

summit and in Liumchen Creek.
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Limestone on Church Mountain is inverted; it is overlainlby the upper
clastic sequenée, and overlies volcanic rocks,. At the structural.base of
'fhe limestone,tuffaceous limestone and calcareous tuff mark the transition
to structurally underlying Permian volcanic rocks. In Liumchen.Creek
: Vailey, insufficieht mapping'has béeh done to clarify structure, but.pods
of limestong containing Permian fusulinids overlie volcanic rocks and.are
iﬁterféldea with thsm,.‘ | |

| A_liméstone of unkndﬁn age 1is in'contéct with Upper Trilassic.rocks
in Liumchen‘Cfeek.c Becéﬁse it'is_overlaiﬁ by, and gradational.with, Per-
mién voiganic rocks, and overlies Upper Triassic rocks with a.sharp. con-
tact, itvis possibly of Permian age, the succession here being inverted.

Apparent thiqknessvbf iiméstone eaét of the summit of-Church Mountain
is ébout'SOO fee£, Repetition by visible folding is responsible for much
of this thickness. Permian limestone west of this locality is much thinner,
possibly less than 100 feet.

Fossils |

' Fossil content of the Permiaﬁ limestone in the McGuire Nappe varies
considerably. Fossils are ab&ndant in a few horizons but in most are
either absent or very rare. This paucity may be due, in part; to destruc-
tion of fossils by recrystallization.

A well defined fauna found at the stratigraphic top of the Permian
limestone where the limestone is thiék, may pérsist for a few feet into
‘overl§ing tuffaceous beds gradational with the top of the limestone. This
.séme fauna is also present at some lbcalities, such as Cﬂibmunk Creek,

where the Permian limestone occurs only as local, thin pods underlying

volcanic rocks. Fusulinids, generally silicified, are the commonest fossils
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in this’fauna and the genera Parafgsulina and Pseudofusulinella haVe"been
identified (Figures 12, 13).  These fossils_afe associated with.rhombopo-
roid bryozdans, criﬁoid_columnals and rare gastropods and brachiopod. frag-
ments. As this fauna 1s of restricted Qertical range, contains fossils
which enable preciée-stratigraphig dating‘to'be made, and. is present
almost everywhere in the ﬁapfarea at the stratigraphic contact. between
;ockS‘bf markedly-aifferihg lithologies; it appears to be an ideal strat-
igrabhic ﬁarker.. However, aé:the fauna is found only at the contact. of
the'limestoné with Volcanic rocks some environmental controi is possible;
the hofiéon'it marks may thefefore be‘diachfonous, perhaps over a restrict-
ed time—range.> Its'presence only at the stratigraphic top of the Permian
'limestOné,iwhere.it is thick,'enab1es strﬁctural inversion of the lime-
'stone'tb be demonstrafea in ﬁgny.locaiities.

Medium sized fusuiinids of the genus Schwagerina (Figure 14) are
‘present_within the_limegtone, away from the base and top. The distance
.ét which they'occﬁr'ébove the basé of the limestone is not known, but these
forms.have only been found where the limestone is relatively thick, never
in the thin lenses. Assoéiated with this Schwagérina‘are large horn cor-

als, superficially similar to Dibunophvllum (E.C. Wilson, written commun-

ication, July, 1962)._

An aﬁundaﬁt’fauna obgervsd‘haif a mi1e-eést”of the peak of Mount
'McGuiré (Fossil Lécali£yf4é)vbééﬁréliniétsfratigréphic h§rizon close to
the horizon iﬁ which the medium sized Schwagerina is found.  The fauna

contains the tabulate coral Michelinia, small poorly preserved horn corals,

and the.brachiopods Rhipidomella (very abundant), Rhynchopora, Neospirifer

(?) and some large poorly preserved, fragmental brachiopods with costellate



Figure 11: Photomicrograph (thin section, plane light, X40)
of coarse-grained volcanic arenite of the upper clastic
sequence on Church Mountain. Rock composed of fairly fresh
albite and lithic volcanic fragments, with interstitial
chlorite. Note the freshness, and absence of any marked
orientation of the grains, in comparison to Figure 9.

Figure 12: Near axial section of Parafusulina (X7) in Permian
limestone from the southeast side of Mount Thurston.




Figure 13: Axial section of Pseudofusulinella (X12) in
fusulinid biomicrudite of Permian age, from Liumchen
Creek.

Figure 14: Near axial section of silicified Schwagerina
(X10) in Permian limestone, west side of Pierce Creek.
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ornamentation. Colonial corals, tentatirely identified as Heritschioides
by E.C. Wilson (written communication, July, 1964) were found...one,.mile__~
northeast of thé peak of Moﬁnt}McGuire (Fossil Locality 44), in what is
probably a similar'stratigraphlc horizon; Fucoid markings are. also pres-
ent on some beddlng planes
Slllc1flcatlon 1s responslble for preservatlon of almost. allrof these

foss1ls Quality of preservatlon by 5111c1f1cat10n varies considerably.
‘Fusullnld mlcrostructures are commonly well preserved‘ whereas . many .large
horn corals may only be partly 5111c1f1ed and thus poorly preserved Where
31llc;frcat;on has ' not occurred, commonly the only_recognlzable foss1ls
'arefcrinoid:colnmnals;'standingeout as -round patches of coarse white crys-
talline calcite-against the more’finely crystalline matrix.

| Small unldentlfled horn corals, large horn corals, possibly Dibuno-

h llum, and compound corals, probably Herltschloades,are present in Per-

v *mlan,llmestone of the autochthon Cr1n01d columnals of varlous sizes are
;ubiduitous; Some small Slllleled fusullnlds, probably Schwa erlna, were
‘”found in float CalcareousAvolcanlc bre001as and tuffaceous limestones,

‘at the structurally lower contact of ‘the - llmestone on the east gide of

Churcthouptaln,summlt.(Fosslleocallty»51), contain well preserved Para-

'»fusulinafandJPseudofusnllnella”andxsome smaller forms which snperficially

resemble'Parafusulina=but are:possibly large schwagerinids. Parafusulina

and PsendofnSUlinella are_presentfln,limestones on the east side of Lium-

chen Creek, due west of Church Mountain.

Age and correlation’
The limestone is dated on the basis of its fusulinid content. Two

horizons containing different fudulinid faunas are known. Fusulinids of
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the genus Schwagerina occur in one horizon within the limestone. The

other horlzon is at the extreme top of the unlt and contains Parafusulina,

Pseudofusullnella and poss1b1y some large, unldentlfled schwagerinids..

: »,All-examples_examlned of Schwagerlna (Flgure 14) are silicified,. and

,althoughfsome detailsxbf the'stracture have been destroyed, preservation

- is. good enough to allow 1dent1flcatlon to be made. This is a new.species,

with septal evolutlon advanced to a level where some of the outer.chamber-

lets are elongate and_appearvabout'to form cuniculi. It is similar.to

Schwagerina crassitectoria Dunbar and Skinner in size, general morphology,

and'evolutionary'level, but different in overall shape and in possession

of a smaller proloculus. 3. crassitectoria occurs ih the lower part of. the
Leonard Formation of_Texas?(Ross; 1963, p.13) and is closely related to,

and ocCurs with, 3. uembel i, Wthh has reached the. same level of septal

'evolutlon (see Dunbar and Newell 1946, p. 402) These two genera occur in

Nevada (Knlght, 1956, Rlch, 1961) where they are regarded as being. of Leo-.

hardian age. MillslandeDavies (1962, p. 45) have described S. missionensis,. .

a form related to S. uembel i, from northeastern Washington and believe it

" to be of Leonardlan—Guadaluplan age 'McGugan (1963) has descrlbedia schwa-

'vgerlnld of 51mllar evolutlonary level from southeastern Brltlsh Columbia, ..

whlch agaln he regards as belng on the border of Lower to middle Permian

age._ Largely on.the-bas1s of degree of septal evolution, the medium.sized

‘Schwagerlna from the Permlan llmestone of Chllllwack Valley is regarded. by

';the writer as belng basal Leonardlan in age.

The large Parafusulina (Figure 12) occurring with Pseudofusulinella

at the extreme top of the Permian limestone is a new species, in general

morphology close to Parafusulina nosonensis Wheeler and Thompson, but in
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size very similar to the larger speciea,_ﬁ.'californica (Staff). These
forms are_conmon in.the‘loWer Guadalupian Nosoni Formation of.northern
- California. Therefore'this fnaulinid-may be as young as Guadalupian in
age._lHowever, the poorly develobed cnniculi indicate that it probably: is
of:Leonardian rabhervthaannadalupian‘agea

The Pseudofusullnella (Flgure 13) occurrlng w1th Parafusullna in

Chllllwack Valley 1s probably the form descrlbed by Sklnner (wrltten com-

munication’ to w R Danner, Aprll 1964) as Pseudofusullnella dannerl

_Sklnner and W1lde, from the Black Mountain locallty in northern Washington.
'Although Sk;nner.(;g_Danner,_l?S?, p.l3l) con51dered the Black Mountain
'fanna to be -of WOlfcampian:age_he has:reCently‘recorded a primitive Para-
: fusulina'from this locality and now'considers it to be possibly lower
Leonardlan 1n age (wrltten communlcatlon to W.R. Danner, Aprll 1964) .

A thlrd spe01es occurrlng w1th Parafusullna and Pseudofusulinella

-on‘Church Mounta;naappears~to_be a large‘ chwagerina or small Parafusulina.

' Because'this formhhas,not been obeerved elsewhere in the Chilliwack Valley. . .

area‘ita-presenoe.may well'sugéesb the cloeer»relationship'of the Church

l}Monntain.fanna to the'predomlnantly schwagerinid fauna of Black Mountain,
. rather than to those equlvalent faunas found elsewhere in Chllllwack Valley.

.As the large Parafusullna from the Ch1lllwack Valley area appears to be

more advanced than any form reported from Black Mountaln, the Permian lime~
rstone may be dlachronous,'over a falrly restricted range These possible
- age dlfferences between-parts of the Permlan llmestone in different tec-
»tonlc unlts may be enhanced by tectonlc superpos1tlon or Juxtap031tlon of
parts of the formatlon whloh were laterally separated prlor to deformatlon.

No other reported occurrence'of this limestone has been made from the
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.region. ‘Mathews and McCammon (1957, p.43) have‘reported a limestone near
Agassiz, on the north side of Fraser River north of the map-area, which
underl1es llght grey green 51llceous tuff. This tuff is lithologicalL;w
”31m11ar to certaln of the volcanlc rocks overlylng Permian llmestone in
: the Chllllwack Valley map—area. On the b331s of this assoc1atlon, the

Agassiz llmestone is pos51bly a. northerly equlvalent of the Permlan lime=~

stone of the Chllliwack Valley7_hu,,,

Env1ronment of dep051t10n'f}frg”: o

: All ev1dence seen suggests that dep051t10n.of the Permlan llmestone
-_took place in a marine 1ow—energy env1ronment because all limestones
examlned‘were‘probably, or are, mlcrlte, f055111ferous mlcrlte or biomi- -
.orudlte. | | | |

' Vulcanish,'contemporaoeous.withldeposition of'the limestone, may be
-partly respon51ble for pre01p1tatlon of m1cr1t1c ‘carbonate by the various
» -mechanlsms suggested by Kanla (1929) and also a posslble cause of the char-
.acterlstlcally 5111ceous nature of the llmestone (see Bissel, 1959, pel82)..

The follow1ng suggestlons on. condltlons extant during dep031tlon of

. .the Permlan llmestOne are. llttle more than speculatlve More information

is needed on the orlglnal textures of llmestone comprising the formatlon
and. also on Permlan stratlgraphy from surroundlng areas.

Avallable ev1denoe:1udlcates;thatrthe_clastlc sequence-below the -
‘.Lower.Pefmianvllmestooe Was largelf'deposited by slides, slumps and tur- °
bidity currents. Such mechanismseuould:tend to deposit sediments in deeper.
“parts of the basih. Upllft, poss1bly related to Lower Permian vulcanism,
vmay have elevated 1solated areas of the sea floor, which previously received.

clastic sediments, tO‘positions still-below wave base, where they were no
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‘longer able to receive sedimentsTby turbldity flows.or slides,(seecHeezen,
v1963, p 754, Kuenen, 1964, p 6) The only materials these elevated. areas
could. then recelve would be pre01p1tated carbonates, clay-sized. clasts.
icarrled in suspen31on, and aerlally transported material such.as.voleanie

ash. Sedlments formed by the latter two agen01es are poss1b1y represented _

,_5by the“f’ .'ﬂf“t“‘ y 15“ d”local,lithlc tuff ‘which are present strat—
: 1graphlcallivb e” Per 1an llmestone ' Subaqueous effu31on of lavas,

2 fby changlng the emlcal:enVIronment'1n~the sea (see Kanla,»l929) mlght

.result in’ chemlcal Jrecipltatlon of llmestone in the v1cln1ty of a volcanlc
centre. RN L |
.The‘predonlnant“lathologles of Permlan rocks in the autochthon,
leumchen Nappe, and McGu1re Nappe are belleved to 1nd1cate the existence
; of such a volcanlc centre, flanked by areas of 11mestone dep051tlon Prlor
,to Cretaceous deformatlon, durlng which rocks of these three tectonlc‘unlts.
Vuwere transported to the northwest, rocks of the McGulre Nappe, now struc—
.iturally the hlghest of these three tectonlc unlts,ilay southeast of rocks.
"of the Llumchen Nappe; whlch 1n turn were southeast of rocks of the autach-
,thon, the structurally lowest rocks in. the map—area. The Llumchen Nappe,

"”composed 1n large part of flow rocks and tuff w1th minor llmestone contalnr

51ls, separated laterally rocks of the autochthon from. .
rocks of the McGulre Nappe,' In the latter tectonlc unlts Permlan rocks are
A'Leonardlan llmestones, overlaln by relatlvely thin lavas and tuffs.
Cessatlon of 11mestone depos1tlon p0331bly was the result of a change. .
from relatlvely qulet effu51on of lavas, to pyroclastic act1v1ty whose
-products so diluted any carbonate being depos1ted that it was no longer

apparent as- a dlscrete, homogenous unlt.
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- Permian volcanic sequence’

'An-sreslly_extensive;sequencefofvLowerﬁPermian volcanic rocks is
present in mostrpsrts.of'the'map—area.. In some places these volcanlc_rocks
- 11e conformably on the Permlan llmestone, elsewhere they are a.partial .

.fa01es equlvalent of thls unlt The sequence is overlaln dlsconformably
by clastlc'rocks»of~Late»Tr1a551c~age. thhologles within the sequence
tvary between bas1c to 1ntermed1ate flows, tuffs, and minor cherts and.
arglllltes These rocks prov1de 8 more sensitive index of metamorphlc_
grade than any other rocks of the map—area Thlcknesses of the different..

: _llthologlcal types, and thus the thlckness of the . sequence as a whole,

U,Tvary con51derably across the map area.f

Daly (1912, p 521) called these volcanlc rocks the "Chllllwack Vol-
canic formatlon.ﬁ: As 1t is a readlly mappable, llthologlcally distinct
' part of the Chllllwack Group in the type area it is clearly of formational.’
‘status:accordlng to,modern~strat1graphlc pr1n01ples.. However,‘where these
volcanic rocks,srsit§PiCélly’developed3in thebnap—area,:(as in the Lium-
chen Nappe) the b&salICOntsct‘of theVsequence'is tectonic'and'not stretirr
graphlc, where both upper and lower stratlgraphlc contactsare present (as
in the McGulre Nappe) the sequence 1s th1n and somewhat atyplcal There—'
fore, as no type sectlon can be ngen by the wrlter whlch would adequately
represent this suc095310n, these rocks are not de31gnated a formatlon and -
are called, 1nstead, the Permlan-volcanlc sequence.

Severel‘earlier workers in the regionbhavevmentioned these_rocks;
‘Daly described_his'“thlliwack Volcanic formation" as consisting of altered

augite and hornblende andesites;_with interbedded pyroclastics. He believed
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these rocks were of Upper Carboniferous age} andvformed muchioimthemupper
part of his “ChilliWack'Seriesﬁ (seevTable‘i),' Crickmay (1930, p.488§,
ajmapped Daly s "Chllllwack Volcanlc formatlon" as Triassic volcanic. rocks,
separatlng the Chllllwack Group from Crlckmay s "Slollicum Series." BRrief
descrlptlons of some of these volcanic Tocks were. given by Hillhouse (1956,.

p p. 10) and Danner (1957, p 113), both of whom belleved the rocks to be part

' -of the Chllllwack Group Moen (1962, p 34) mapped the 1ateral continua-..

tlon ‘of thls volcanlc sequence, to the southwest of the map-area, and

‘ 1ncluded 1t in the Chllllwack Group

Qn Mount‘Laughlngton»andeheamuRange'

,l,Green,”massiye5upasic;flow rocks_cropfOut on the south ‘side of Mount
: Laugnington atdan-altitude of=4,00cheet¢.aTnese rocks-are'amygdaloidal,
consist‘of a felted“mass'Of saussuritized feldspar microlites;'with'augite"
' and alblte phenocrysts,‘and.are very 31m11ar to other basic lavas in. the
vmap-area descrlbed below Chlorlte and pumpellylte are present in vegs-
1clesmi Thln bedded s11101f1ed tuffs and cherts present near the summit of
Mount Laughlngton are ass001ated w1th Lower Permian limestone. All .of these.
: rocks structurally overlle Mesoz01c rocks of the McGulre Nappe
. Greenstones cap Lady Peak, near the northern end of Cheam Range They
are composed of clear alblte laths, mlnor flbrous hornblende, epldote,
minorvquartztand.chlpritesﬂ-Ilmenite,,leucoxene and.sphene are present in
the groundmass;;”Vesicles:dn.tnese rocks-ccntaindchloriteru The ‘age of these
greenstones-rs uncertain. "They overlie argillites containing a limestone :
pod,.in which.a'few small crinoid stems have been found. _Permian limestone
containing fusulinids, present-to the north of this locality on*the'western

ridge of ‘Mount Chear, is‘possibly”partjof the same tectonic unit, and
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- overlies Mesozoic rocks.

McGuire Nappeﬂ
‘R°°k$ of_the Permian voloanic sequenoe in the McGuire Nappe are inter-

'_folded.with Permian:limestone on the-north side.of Mount McGuire,. and over-

'slié”Péfmiéﬁ*iimééééﬁé°h£ghfén the east 51de of Slesse Creek Valley, .in *h
'Chllllwack Valley east of the Junctlon of Slesse Creek with the Chilliwack.

;Rlver, and . ln Chlpmunk Creekelv hlkl I . , L

Rocks of the Permlan volcanlc sequence in the McGuire Nappe. are..cf

'_varlable llthology. 'Thln bedded grey, green tO’Whlte cherts, jasper. and.

' s1llceous tuff locally w1th shaly 1nterbeds, overlie’ the llmestone in.
some localltles, Elsewhere the overlylng rock is a quartz—bearlng crystal.
tuff, slmllar to that descrlbed more fully below A dark-green, altered

hfeldspar porphyry.ls present stratlgraphlcally above the Permlan limestone

‘Just west of Pleroe Creek, and in - a 51m11ar stratlgraphlc position north

) .of thls locallty, on. the north 31de of - Chllllwack River near its junction-

' w1th Slesse Creek : Thls feldspar porphyry is composed of small, glass-

’vclear albite phenocrysts in'a very flne—gralned dark green matrix, con-

- ,iislstlng of saussurltlzed feldspar mlcrolltes, small lepSldlC augites, and

chlorlte,

” Dark, gabbrolc d&kes,‘cuttlng the. Pennsylvanlan and Permian limestones
:and clastlo rocks of the Chllllwack Group, are present on Mount McGulre,
vand are p0531bly feede:s to the Permlan volcanlc sequence. |

‘:. Thlckness of volcan1c~rocks in the McGulre Nappe is probably nowhere
more.than 200. feet and is 1ocally con51derably thinner.

k The Permlan volcanlc sequence is overlain by flne-gralned siltstones.

and_arglllltes of Upper Triassic age. No angular relatlonshlp has been
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v detected between the beddlng of the! volcanlc rocks and that of. overlying
Tr1ass1c rocks. Commonly a brecc1a rarely greater than 25° feet thick, and
composed of angular clasts up to 6 1nches long of Volcanlc rock, chert and

‘minor llmestone, marks the contaot Comp031tion of Volcanlc rock clasts

."'1n the breccla 1s 1dentlcal t ;_hat of underlying Permlan Volcanlclrocks

VPoorly preserved, 51llo1f1ed,~med1um-31zed fusullnlds of probable Early

-Permlan age were found 1n'agllmestone clast from the bre001a above the east
51de of Slesse Creek Valley,: As the brec01a ls 1nvarlably present at this
stratlgraphlc contact in the McGulre Nappe, forms a- contlnuous stratigraphic .
horlzon of relatlvely constant thlckness, “and contalns randomly oriented,
angular, unsorted, clasts 1t is belleved to result from a submarine slide.
The lower contact of the Volcanlc sequence is to some extent gradae

_g'tlonal w1th underlyrng Permlan llmestone The contact, where seen, gener-
"ally 1s marked by an abundant fusullnld fauna -East of Pierce Creek. and
in Chlpmunk Creek the llmestone is- locally thin and forms. a series of dis-
crete lenses. Where~the‘limestonevis absent the distinction of tuffaceous
'"rocksﬂof.thisdvoleanlciSéquence‘fromfunderlyingivolcanic arenites is dif-
?glflcult and 1n‘many cases arbltraryaa:p“’ | |

->L1umchen Nappe

The Llumchengﬁappesinetheimap—area-is'COmposedAIargely ofvthe Permian
rolcanic’sequence leernian'rolcanicvrocks forn'the summit odeiumchen
Mountain and crop out West.of thrs locallty on. the south end of Internatlonal
Rldge East of Llumchen Mountaln, volcanlc rocks underl1e most of the north
and west s1des of Mount McGulre and are exposed in a window at the north
end of Slesse Creek Valley.*'Volcanic rocks forming the probable northerly .

continuation of the Liumchen Nappe:underlieithe south, west and northwest
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slopes oftElk Mduntain. Scattered outcrops, northeast of Elk. Mountaln on
'the.south sidebof Fraser;Valley,_are;belleved to;belongﬂto thlslvolcanlc
) sequence in the Llumchen Nappe N o |

; Permlan volcanlc rocks are largely flow—rocks on Llumchen Mountaln,

the west 51de of Mount McGulre and 1n the wlndow at the north end of .

.Slesse Creek. Two_pr1n01pa1 rock types are recognlzed, a-dominant. altered

‘iauglte—bearlng 'nt ' ba51o rock, and a relatlvely rare hornblende
:ande51te »‘ | :
| ‘The auélteebearlné flow;rooks.are ma551ve and not uncommonly form
‘cllffs Generally, 1t 1s not poss1ble to obtaln bedding measurements from
these rocks711argely because of thelr ma351ve nature, although interbedded.

pyroclastlc materlal and comp051t10nal varlatlons enable'beddlng to be.

»dlscerned 1ocallyn. Plllow lavas have been recognlzed on. the southwest

_v51de of Mount McGulre These flow rocks are typlcally grey- green, but. vary

fand brownlsh—grey to dark green. Theyvare commanly. -
fnvery flne—gralned and altered,.so that accurate field 1dent1flcatlon is not
' p0551ble°{v3are, coarse—grarnedyequuvalents, posslbly conformable intrusions ..
Within:theESequence,.are?ofkuniform tekture'and'consist of'about 70% ran-
-domly orlented, 1nterlock1ng grey—green altered feldspar laths, wlth inter-
stltlal ferro—magne51an mlnerals Chlorlte and ca101te amygdales are-com= ..
; mon, and ooncentrlcally arranged.chlorlte fllled ves1cles have been observed.
at several localltles where no plllows.were recognlzed The comp051t10n.‘

of these rocks, determlned mlcroscoplcally, varies from about 60% to 80%
altered plagloolase feldspar, 10% to 20% dlop51dlc augite, at least 10%
-chlorlte and various amounts of 1lmen1te and its alteratlon products {Flg 15)

Altered, subhedral, randomly orlented plagloolase»feldspar laths are
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1nvar1ably of unlform s1zev1n any one spe01men “Ihe}longest laths..gseen
are about 3mm long, the smallest aretmlcrolltes, and the‘commonestusizesl
‘range from O 4 to 0 2mm,1n length Generally, the plagioclase“lathsmare
completely saussurltlzed and thelr orlglnal nature can only be .inferred. .
from textural relatlonshlps, and by analogva1th crystals whlch are part
:saussurlte; and 1n part feldspar whose optlcal propertles can be determined.
: Optlc ax1al angles of partlally altered feldspars are 83° to 84°, and
‘measurements of x'AOlO glve an average of about 159 (obtuse extlnctlon),
and»therfeldspars are'therefore alblte of comp031t10n,about An8. The dlop—
sidic auglte 1s porphyrltlc or 1nterst1t1al and . may display an Ophltlchr
sub-ophltic relatlonshlp w1th the altered feldspar laths, and is commonly
fresh, but may be . hlghly fractured and show alteratlon to chlorite. Chlor~ .
.1te, generally w1th anamalous blue. blrefrlngence,'occurs 1nterst1t1ally,
fllls Ve31cles where 1t not uncommonly forms radlatlng aggregates, and is
present in velnlets Pumpellylte 1s present in-many of these rocks, having
the form of very . fine aclcular crystals, often in radlal clusters and occur-
rlng typlcally ulth chlorlte in" Velnlets andveslcles (Flgure 16). Ca101te
-is found in ve31cles and rarely as patches in the groundmass Skeletal
1lmen1t¢ (?);tdlsplay;ng all;stages ofvalteratlon toileucoxene and finely
granular:sphene:noccurslin:amountsiup to 10%. In some examples small
granules of sphene are scattered through the rock Fine-grained hematite
is- dlssemlnated through some rocks, these rocks in hand- speclmens being.
browulsh—grey
A dlstlnctlve‘feldspar porphyry, w1th1n tuffaceous rocks on the north

f 51de of Chllllwack Rlver,'ls composed of pale green altered feldspar pheno—

»‘crysts, up. to '7mm,long9 set in a darker matrlxo The feldspars were -



Figure 15: Photomicrograph (thin section, plane light, X40) of
typical altered flow rock in the Permian volcanic sequence
from the north end of Slesse Creek Valley. Groundmass of dark,

saussuritized feldspar laths, with diopsidic augite, opaque
grains and chlorite (C).

Figure 16: Photomicrograph (thin section, plane light, X100) of
pumpellyite crystals in a quartz veinlet in altered flow rock

of the Permian volcanic sequence, from the north end of Slesse
Creek Valley.
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originally zoned, but are now entirely'saussufitized and set in a matrix
of fine saussuritized feldspars,'augite and,ihfersfitial chlorite. Ilmen-
ite (?), and its‘eiteration broduots, leucoXene and sphene, are. present.
Pre01se petrographic- nomenclature of the flow rocks described.abave
is difficult to establlsh because of the 1nvar1able glteration of the
plagloclase feldspars . The original‘composition of these rocks has to be
inferred from ex1st1ng textures and mlneral associations. As noted above,
augite may display an ophitic and subophltlc relationship with altered
feldspar latns., In many of theséerocks chlorite is present between the.
:feldspar 1aths,ve teiture known as intersertal (Williams, et al., 1954,
p.22). Williams (1954; p;93)-in'referring_to andesites, stetes:
N | | .intersertal and ophitic textures are

exoeptlonal save in varieties transitional

to basalts.

Wellealigned‘feldsper laths were not seen in any specimens from Chilliwack
Valley. Moen (1962, p.35) noted tracthLC texture in speolmens from the
vlateral contlnuatlon of these volcanic rocks to the southwest of the map-

area, although he_stated thet-rocks withvthis texture were not common.
Trachytic ﬁextufe isbcommon,in man& endesites, but is exceptional in ba-
salts. Textures of these altered extrusive rocks are therefore indicative
of theireoriginei Bsselfio netufe, fin eddition;'Williams, et al. (1954,
pp.95.47) note that ilmeniﬁe'(skeletsl crystals of which are common in
Chilliwack fiow rocks) is rare in pyroxeéne andesites out occurs in basalts.
Moen (1962, p.35) measured extinction angles of unaltered feldspars in
lavas of the Chilliwack Group from localities southwestjof>the map-area,
obtained compositions intermediate between oligoclasg and andesine, and.

called these rocks augite andesites. Moen also stated that altered
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feldspars had extinction angles suggestive of albite and oligoclase, and
mentioned that spilites are present in the volcanic sequéﬁce.w Daly (1912,
p.52) called these rocks augite andesites, noted that they were .altered,
but did not give any feldspar compositions. All feldspar aetenmined¢by
the writer from these augite-bearing flow rocks of the Chilliwack. Group
is albite. Although minerélogical assemblages of many of these.flow rocks
are those of spilites, sodium does not appear to have been introduced. .into
the rock. Instead, saussufitic alteration of the anorthite part.of.the
plagioclase molecule has left albite pseudomorphs containing saussurite.- -
Textures and existing mineral associations therefore are believed.by. the
writer to indicate that these augite-bearing flow rocks are altered BasaltsA
or altered andesitic basalts.

Hornblende andesites, present in this volcanic sequence on Liﬁmchen‘
Mounﬁain and Mount McGuire, are very minor in relation to the augite-bearing.
rocks and in éontrast to them are fresh. These rocks are porphyritic and.
‘contain elongate hornblende phenocrysts, and slightly altered feldspar-
‘phenocrysts, some of which show zoning. The composition of the feldspar
phenocrysts ranges from low andesiﬁe to oligoclase. The matrix consists
of small, sub-equant crystals of feldspar and hornblende. Magnetite and
apatite are accessory minerals. Freshness of these rocks suggests that
they may'be later than, and intrusive into the Permian Volcanic.rocks.

Volcanic rocks forming the Liumchen Nappe north.of Chilliwack River
are largely pyroclasfic rocks, and of these, very pale green to olive-green,
quartz:pearing; crystal vitric tuffs are probably the most common, and cer-
tainly the most prominent. These rocks are hafd, massive, and composed

of about 40% to 60% pale green, altered euhedral to subhedral feldspars,
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about 5% to 10% quartz and a variable but subordinate amount of lithic and
vitric fragments, in & matrix of similar composition. The clasts are.
unsorted, but generally have an upper size limit of about 2mm. .Maximum.
grain size 1s commonly uniform throughout a single massive bed, although
grading has been observed in some medium to thinly bedded crystal.tuffs.
interbedded with the more comﬁon massively bedded rocks. In some of. these
graded beds, as the élasts became finer upwards, the crystal tuff grades
upwards into pale green silicified tuff, resembliﬁé chert. Quartz clasts.
are very conspicuous in thiﬁ section. Many are euhedral crystals, énd:
show the sub-equant, sub-rectangular outline associated with high temper-
ature, bipyramidal quartz (see Folk, 1961, p.68). Commonly these grains
are partly rounded and show rounded embayments, suggesting magmaﬁic”resorbf
tion. Some quartz grains are both angular and rounded, and are clearly
fragments'of euhedral crystals. All other clasts in these rocks are invar-
iably altered in some degree. Altered plagioclase feldspars are in part
albite with compositions rang;ng'from'Ané :obAng (as determined by X010 -

" method), and in part a semi-opaque very fine-grained material Qith a faint.
brown colour. Some of these aitered feldspars contain various amounts.of

a brown fibrous matefial, with a moderate birefringence masked by the brown
colour (Figure 17). This mineral was identified as lawsénite on X-ray
"examination by R.M. Thompson. Remaining clasts are altered to chlorite

or semi-opaque clay>minerals and haVe vesicular textures or are of shard-
like shape, suggesting that they are altered vitric fragments. The groﬁnd-
mass consists of finer clasts of generally similar composition to those
above, together with chlorite and chert. Minor amounts of calcite, epi-

dote and pumpellyite are present. Rarely, the whole rock, with the
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exception of the quartz graing, may be calcitized. Epidote and.pumpell-
yite are rare, the latter, when preseht, occurring as acicular crystals
in veinleté.
Owing to alteration of the feldspars, the nomenclature of.these.rocks

is difficult to establish. The pfesence of lawsonite together. with. albite

clase more calcic than albite. Moen (1962; p.40) described similar.vol-
canic rocks froﬁ ﬁhe Chilliwack Group to the southwest of the map-area,
and called them dacites. Textures and mineral associations suggests. that
these quartz—bearing focks in Chilliwack Valley are altered daciﬁé crystal
tuffs.

| Lithicvtuffs appear to be more common in other tectonic units and
are desgribed in detail under the appropriate headings. They may be more:

abundant in the Liumchen Nappe than is realized at present, as they are
commonly relatively soft and more egsily eroded than the massive lavas and
quartz-bearing crystalrtuffs.with which théy aré interbedded, and tend to
be covered. |

Silicified fine tuffs, resembling"grey to pale green cherts are
pfesent in the volcanic sequence but are nowhere abuhdant. All gradations
exist between these rocks and coarser grained quartz;bearing crystal tuffs
(Figure 18). Thin bedded to massiVe jasper is locally present. No typical.
ribbon cherts have been seen in the volcanic sequence in the Liumchen-
Nappe. |
- Apparent thickness of volcanic rocks of the Liumchen Nappe exposed

on.Liumchen Mountain is nearly 2,000 feet. Volcanic rocks exposed in the

window at the north end of Slesse Creek are about 700 feet thick. - Although



Figure 17: Photomicrograph (thin section, crossed nicols, X100)
of an altered plagioclase feldspar crystal containing lawsonite
(L), in crystal tuff of the Permian volcanic sequence, from

the southeast side of Mount Thurston.

Figure 18: Photomicrograph (thin section, plane light, X40) of
base of crystal vitric tuff bed, from Permian volcanic sequence,
just west of Bridal Falls. The tuff is composed largely of
volcanic quartz and semi-opaque altered vitric fragments. Note
fine-grained silicified tuff at base, which is the top of the
underlying tuff bed.
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the base of volcanic rocks on Elk Mountain is not seen, the exposed thiqk—
ness approaches that on Liumchen Mountain;'

Quartz-bearing crystal tuffs of the Liumchen Nappe are overlain, .
apparently disconformablj, by fine clastic rocks of Upper Triassic .sge.
on Elk Mountain. Other contacts of the volcanic sequencevin the. Liumchen
Nappe iﬁ Chilliwack Valley are structural rather than stratigraphic. On
Mount McGuire and at the north end of Slesse Creek Valley these voleanic
rocks are overlaiﬁ by Upper Palaeozoic limestones and clastic rocks. of the
McGuire Nappe. This contact is assumed to be a flat—l&ing fault.. .

Dalyv(1912, Map 89A) showed volcanic rocks of his Chilliwack volcanic
formation to be overfhrust'upon both Mesozoic and Palaeozeic rocks. in the
Church Mountain area, and Moen (1962), working to the southwest of .the map-.
area mapped £he continuation of Daly's thrust in nofthérn Waghipgggﬁ,‘ Be=
- cause volcanic rocks of the Liumchen Nappe lie oﬁ Mesozoic-ro¢ﬁ335t_the..
ééuth end of Intefnational Ridge, on Palaeozoic ?pcks on Church Mountain,
; and overlie Mesozoic rocks on the northﬁest sideigf ﬁpﬁgt MéGu;fp,,thé
‘ lower contact of volcanic rocks in the Liumchen Napbe is béiieﬁéd;ﬁp‘be,
a thrust fault.
Agtochthon

Lavas and tuffs structurally below and partly,gradat;onai with Lower
Permian 1iﬁes£one are exposed on the north_and'eaét sidés of‘thé summit. of
Church-Mountain, and pyroclastic rocks, cherts andvmino; floys ére'present
%n Liumchen Creek Valley. | |

Permian flow rocks in the autochthon are similar #o thdse déscribed
previously, being greylgreen to maroon, amygdaloidal, ;1tered basicilavas.

Pillow lavas are exposed in Liumchen Creek Valley.
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The pyroclastic rocks vary in size from coarse volcanic breccias, with
clasts up to 6 inches in diameter, to very fine-grained tuffs,. and.range
iﬁ colour from various shades of green to maroon. They are composed. of
variable percentages of altered vitric to lithic fragments. Theufitric
fragments are commonly altered to semi-opaque clay minerals and. chlorite,
and their original composition can only be inferred by the vesicular nature
or sharadiike outlines of the‘clasts. The lithic fragments typically. .con-
téin relict midrblites, or rareiy, large, randomly oriented, altered-feld-
'spér laths, set in'a chiprite_matrix and some lithic fragments contain
chlorite amygdales.. Quartz is absent or rare in these rocks. Alteration
of these rocks is commonly so'extensive, that microscopic examination .is.
'made undef plane polarized light.aléne, as with crossed nicols the rocks
appeér as & mass of chlorite and carbonate in which textures cannot be .
distinguished. W.R. Dénner collécted'a}fine—grained, dark grey to green
banded rock from Liumchen Creek, composed entirelj of altered shards, or-
iented and flattened parallel to bedding (Figure 19). The texture suggests. .
tﬁat it is a welded tuff.

Qn‘Church Mountain this volcanic sequence structurally underlies:LoWer
Permian-limestoné. The contact is gradational, and marked by calcareous
pyroclastic rocks containing fusulinids. The volcanic rocks structUrélly
overlie Mesozoic rocks on‘the’east side of Church Mountain and are inter-
folded with them to the north of the summit. Rocks on both sides of this‘
folded contact appear to beAcoﬁformable. Volcanic rocks in Liumchen Creek
are overlaiq partly by Lower Permian limestone and partly by dldér clastic
rocks, and bass structurally downwards into limestone of unknown age, thch

- conformably overlies Upper Triassic siltstones and argillites. Elsewhere
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in Liumchen Creek Valley, volcanic rocks are interfolded with Triassic -
rocks, but the sequence appears to be conformable.

Metamorphic grade

The only altered basic volcanic rocks composed of a well:defined«mét—
amorphic mineral assemblage are the greenstones forming the summit._of Lady
Peak, which belong to the quartz—albite—muscovife—chlorite sub=facies of
the greenschist facies of. Fyfe, Turner and Verhoogen (1958, p.219). 1In
other volcanic rocks of the Chilliwack Grpup, particularly the massive
la&és and crystal tuffs, textural and minéral reorganization resulting from
metamorphism appears to Be relatively slight and superficially little more .
than diagenetié; Feldspars in the altered basic lavas retain theilr original .
form, élthough altered to saussurite and‘albite, and augite phenocrysts. .
are generally unaltered. In the quartz-bearing crystal tuff, the feld-
spars are pértly altered to incipient lawsonite, so fine-grained gnd of
such atypical form that it coﬁld only be determined using X-rays. Chlorite
'is ubiquitous énd pumpellyite is present in many rocks. Zeolites or preh-
nite have not been found in these rocks.

As Fyfe, Turner and Verhoogen (1958, p.226) state that lawsonite is
known onlyrin the glaucophane schist facies, some of these rocks belong to.
this facies as defined.by these authors. Lawsonite has been found only in. .
altered feldébars-in crystal tuffs and not in feldspars in altered basic
lavas, even where these rock types are apparently lateral equivalents and.
present in the same structural horizon. This, together with the atypical.. ..
form of the minersal, suggests that the lawsonite present in these rocks
‘was formed very close to the lower limits of its stability range and that

its presence in the crystal tuff is due to slightly more favourable internal
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physico-chemical conditions in the tuff rather than to any differences in
external conditions. True glaucophane schists have been reported from the
Northern Cascades in Washington by Smith and Calkins (1904,»pm52)wagd.
P. Misch (oral communiéation) but their structural and stratigraphicarelaf-_
tionships to rocks in the Chilliwack Valley is not known at present.. . .

Seki (1961)_demonstrated that pumpellyite is a useful indicator .of
metamorphic grade in low—temperatﬁre rggional metemorphism. He beiieved
that metamorphiém éroducing pumpellyite could be divided into two. types,
the glaucophanitic and non-glaucophanitic type, the former representing
"higher solid pressure" during metamorphism than the latter. Pumpellyite
in alteréd volcanic rocks in Chilliwack Valley has been produced by,the

former type of metamorphism. Seki also suggested that four mineral facies,

the pumpellyite-chlorite, pumpellyite-prehnite, chlorite and zeolite facies.. .

span the gap between the greenschist'and diagenesis. Metamorphism at rel-
atively "low solid pressure" would cause successive changes from diagen-
esis, respectively through the zeélite, pumpellyite-prehnite.and greeﬁ—
“schist facies and at relatively higher solid pressure through the zeolite, .
chlorite, pumpellyite—chlorite and glaucophane schist facies. Metamorphic
mineral asSemblages‘suggest that metamofphism in Chilliwack Valley area
has followed the-iatter path, and that these rocks belong to Seki's pump-.

ellyite-~chlorite facies,'transitional to the glaucophane schist faciesi

Fogssils and age ' =
Pusulinids of-Leonafdian&age are found in calcareous pyroclastic

rocks at the base of the volcanic sequence present in the autéchthon,qin

thin limestones intercalaped with volcanic roéks in the Liumchen Nappe,

and in limestone associated with volcanic rocks on Mount.Laughington.
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Belemnites, similar to Dictyoconites groenlandicus Fischer, from.the

Late Permian of Greenland (similarity confirmed by J.A. Jeletzky, oral
communication, July, 1964) are present in liﬁhid tuffs of the sequence
in Liumchen Creek (Figure 20).

No ofher diagnostic'fbséils are known. This volcanic sequence is
therefore partly Leopardian in age; and as the upper age limit is . not.

known, some later Permian rocks may be included.

Environment of.deposition

Fosgils in volcanic rocks comprising the Bérmtannidleahitnsequencédon
and in contiguous rock units gradational into these volcanic rocks,. to-
gether with rare pillow lavas, suggeétslthat'some of these rocks were laid.
down in a marine environment. The welded tuff texture of an altered vitric.
tuff from Liumchen Creek indicates that this and perhaps other volcanic.
rocks of this sequénce were depbsited subaerially.

It has been éuggested in the discussion on envifbnment of deposition
of the Permian limestone that Baéic lavas were quietly extruded and con-
solidated around the vent(s) of a volcanic centre, whilst contemporaneous
limestone depoéition took place periéherally to this. Rocks of the vol=
canic centre now form the‘iiﬁmchen Nappe, whereas the sites of limestone
deposition are now the subjacent autochthon aﬁd superjacent McGuire Nappe.

A subsequent change to a more siliceous magme resulted in explosive ejec-
ﬁion.of predominantly qUartz—Bearing crystal tuff which spread over the
area, terminating:liméétone deposition. This tuff was possibly partly.
aerially transported directly to the site of deposition. Unconsolidated
crystal tuffs on the flanks of thé volcanic centre may have been tfansported

to the final site of deposition by subaqueous pyroclastic flows (Fiske,



Figure 19: Photomicrograph (thin section, plane light, X40) of
welded tuff (?) composed entirely of flattened, altered vitric

fragments. Specimen collected by W.R. Danner from Liumchen
Creek.

Figure 20: Photomicrograph (thin section, plane light, X18)
showing a cross-section of a ribbed belemnite similar to
Dictyoconites groenlandicus Fischer, in a lithic tuff of
Permian age from Liumchen Creek Valley (Fossil Locality 55).
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1963). This mode of transport would be compatible with the massive, un-
sorted, non-graded nature of much of the crystal tuff. Grading in some of
thése tuffs suggests they were possibly deposited by turbidity.flows. .. .
In the Liumchen Nappe, ah apparent lateral tfansition takes. place

froﬁ a sequenée of predominant lavas to a sequence of crystal.tuff.with
minor lava. Although no precisé tiﬁe horizon can be drawn through both.of
.ﬁhese:facies; that théy are at 1éast partly contemporaneous is shown by
interbedded-lavas and crystal tuffs .on the north side of Mount McGuire,
and theréfore'the change from a sequence of basic lavas, to anvoverlyiﬁgf
sequence of quartz;bearing crystal tuff appears to have been gradational. .

rather than abrupt.
Stratigraphic relationship between Permian and Triassic rocks

As conditions in the basin of deposition during and following Permian
vulcanism have.some bearing on the stratigraphic relatioﬁship between
Permian and Triassic rocks, this topic is introduced here, rather than
in the discussion of Mesozoic rocks. Although Moen (1962, p.67) stated
the Chilliwack Group southwest of the map-area in northern Washington was.. .
initiaily folded and faulted prior to deposition of Lower Mesozoic rocks,
he gave no direct evidence to suppoft his sﬁatement. No evidence of Permo-
Triassic deformation is recognized ih\the mép—afea.
| The Permian'volcanic.sequenée'ié stratigrabhically overlain by rhyth-
mically graded, fine volcanic arénites and argillites of Upber Triassic
age. Existence of a stratigraphic bréak between these sequences is indi-T
cated by the following factors. At some localities in the map-area less

than 100 feet of crystal tuff separates lower limestone with Leonardian
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fusulinids from overlying Upper Triassic rocks. The lithology of the Tri--
- assic sequence above the contact is markedly different from that of.under-
lying Permian rocks, with no gradation between the two. The contact.is.
marked by a breccia horizon, composed of claéts of identical lithology to
underlying Permian rocks. Early Permian fusulinids were found. .in one.clast
in the breccia. This breccia is believed to result from a submarine.glide,
and‘althéugh not necessarily marking erosion of Permian rocks . in the.map-.
area, represents‘erosion of Permian rocks in the region.

All evidence indicates that a disconformity exists between Permian
and Triassic rocks in the map-area. Bedding of contiguous Permian and
Triassic rocks is conformable. Although rocks within the map-area covered
a much wider area prior to tectonic superposition, everywhere the strati-
graphic Permo-Triassic contact is seen, it is underlain by Permian volcanic
rocks. Variation in thickness of the Permian volcanic sequence may be
partly due to efosion, but from the nature of the sequence, this variation
could well be original. Structural evidence shows that both Permian and
Triassic rocks have undergone the same number of periods of deformation,
and that any diffefences»in’degree of métamorphism are between rocks of
different fectonic.units and not between Permian and Triassic rocks of the
same tectonic unit. The breccia at the éontact demonstratgs that erosion
of Permian rocks did take place and therefore this stratigfaphic break is
probably a regional unconformity, although only a disconformity'can be
demonstrated in the map—aréa.

Dott (1961) has\discussed.the existence of extensive Late Permian éndm
probable Early Triassic vulcanism and the common lack of recognition of"

Lower and Middle Triassic rocks over much of the Western Cordillera. He
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linked these two factors, suggesting:
". . . as a working hypothesig that the rate of Permian sedimentary

and voleanic accumulation exceeded subsidence and so built up to
or slightly above sea level by Early Triassic. . . . . Isostatic.
adjustment to this volcanic pile by slow subsidence lagged until. .
Late Triassic when vulcanism had diminished somewhat. The belt
then again subsided more uniformly below sea level, or sea level

'~ rose eustatically allowing widespread marine transgression.”

A modified form of Dott's hYpothesis is adopted to explain the nature
of the contact between Pérmian and Triassic rocks in the Chilliwack Valley.

Dﬁring Pefﬁian time, rate of accumulation of volcanic rocks in the
map-area may have exceeded the sum of their rates of erosion and subsidence,
resulting in the growth of a volcanic island above sea 19Vé11 Support for ..
this proboSal is provided by the welded tuff from Liumchen Creek, as it is -
difficult to conceive how such & texture could be formed in a subaqueéus...ﬂ
environment. Once the supply of volcanic material had ceased, erosion and
subsidence would lower the volcanic island beloQ wave base. The breccia,
at the contact between Permian and Triaséic rocks, may result from erosion . .
of a still-elevated contiguous part of the volcanic island, depositea'by
submarine sliding (also causing erosion?) on the already submerged Permian . .
volcanic¢ rocks of thg map-area. -

By Late Triassi; time, volcanic activity in southwestern British Col- .
umbia was concentrated west of the map-area on Vancouver Island and .to the
_northea;t, in the Nicola area in the Interior of British Columbia. Upper
Triéssié'sediments'in the map-area, mainly graded bedded volcanic arenites
and argillites, appear to have been deﬁosiﬁed'by turbidity currents in a.
trough:between thése volcanic centres¢

Following the reduction of the volcanic island to wave base, it would

stand as a slowly subsiding isolated high area ®n the sea-floor, surrounded
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by the lower sea-floor on which material was being deposited by. turbidity
. currents. It would be able to receive only pelagic sediments.until;ii
reached the general level of the basin by subsidence and possibly by the
accumulation of turbidites in the surroundiné lower areas, if accumulatioen
exceeded suﬁsidence in these areas, (ggg Heezen, 1963, p.754, Kuenen,.196/,
p.6). ‘By Late Triassic time,_there was little or no difference in .elevation
between the lévél of.the éld volcanic centre and the general level of.the
basin floor and turbidites-were deposited over the whole area.

As no pelagic‘Sediments have been recognized, the interval between

general cessation of vulcanism and subsequent erosion, and deposition of

Upper Triassic rocks, may have been relatively short.
Validity and present status of the term Chilliwack Grqup

The tefm Chilliwack Group 1s derived from Daly's Chilliwack Series,
which 1s informally defined by modern standards. Because stratigraphic
" names are now defined according to the Code of Stratigraphic Nomenclature
'{1961) an examination of the validity and present status of the term Chills -
ivack Group is essenﬂiala

The geographiéal_name Chilliwack must be reﬁained for reasons of prior-..
ity and usage although the term Chiliiwack Valley would be more applicable
by modern standards. . Thie change from Series to Group first appeared in
1944 on'the geological map of the pre éreé (Geol. Surv. Canada Map 737A)
although no explanation was giveﬁ‘for this alteration. Danner, (1957,
p.113) observed that thé usage of Group here is correct according to. modern.
stratigraphical pradtiée.'

As defined by the Stratigraphic Code, a group consists of two or more
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associated formations and is defined in order to demonstrate.the natural
relationship between formations with significant features in common.. Al-
though formations within the Chilliwack Group were proposed byADanper
(1957, p.114) not enough was known of the composition of these. units. to
define them formally, and they have not been incorporated within the 1lit-
erature, ard the present usage of the term Chilliwaék Group is informal.
‘Temporary use of "group" in this instance is presumably acceptable as the
Stratigraphic Code notes noncommittally that it has been used for recon-
naissance work for sequences'that appear divisible into formations but
thch have not as yet been divided. Therefore the term Chiliiwack Group
provides a useful interim stratigraphic classification and will eventually
become formal when all formations within it have been defined. |

As noted above, a group is established formally in order to demonstrate
the natur#l reélationship between formations. 'The Permian limestone and
- the Permian volcanic sequence, both df which are of formational status,.
are gradational into one énother and are possibly genetically related,
either directly by chemical preciﬁitation of the limestone by contempor-
anéous vulcanism, and/or indirectly, by Vuicanism elevating part of the
sea floor.above the general level and thus making it a suitaﬁle site for
limestone deposition. Restriction of the term Chilliwack Group to include
these units alone would emphasiée such relationships and would also allow
the group to be defined forﬁally. In addition, this restricted usage
would be ideasl as these two formations are the predominant Palaeozoic
rocks in the Chilliwack Valley. However, ﬁhe upper clastic sequence under-
lying the Permian limestone may be partly or almost wholly Lower Permian

in age and is possibly separated from the underlying Lower Pennsylvanian
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rocks by a hiatus of unknown duration. If such a stratigraphic break can
be demonstrated, then a more 1ogical division might be to include all of
the clastic rocks above the hiatus in the Chilliwack Group; the presence
‘of tuffs in this clastic sequence indicates a possible genetic.relation-
ship between these rbcks-and the Permian volcanic sequence. O0Older rocks
would be combined into a new group composed of clastic rocks below. .such
a8 stratigraphic break, the Red:Mountain Limestone (restricted.from.Danner,
1957) and clastic rocks below the Pennsylvanian limestone. These.alder
rocks are a minor part of the Chilliwack Group as presently established
iﬁ the type-area and are seemingly better exposed just southwest of. the
map-area in northern Washington.

These changes in terminology are summarized on the following page,

in Table 4.
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Mesozoic rocks of the map-area

In centrast to the lithologically diverse Palaeozoic rocks, Mesozoic
rocks are of relatively uniform lithology, rarely have any strong topo-
graphic expression and are generaily poorly-exposed. They therefore can-
not be readily subdivided into smaller rock-stratigraphic units.. More-
over, although Upper Triassie, Lower Jurassic and Upper Jurassie fossils
have been found, these fossils are too scarce to allow biostratigraphic.
units to be defined. Therefore the Mesozoic rocks are discussed under-one
heading.

Several previous workers have described these rocks. Daly (1912,]W
pp.5l6—518) reported argillites and associated coarser. clastic rocks, con-
taining Triassic cephalopods, from the east side of Cultus Lake, and named
these rocks Cultus Formation. He-also gave the name Tamihy Series to clas-
tic rocks present near the south end of Tamihi Creek, just south of the
map-area,and on the.basiS»of field relations concluded that these rocks
were younger than both the Chilliwack Group and the Cultus Formation, and
believed their age to be possibly Cretaceous. Crickmay (1930a, map) showed
Triaseic rocks overlying Palaeozoic rocks in the eastern part of the map-
area, where Daly and other euthors (e.g. Cairns, 1944) believed rocks of .
‘ Palaeoéoic age to bccur. Crickmay named these rocks the Slollicum Series,
correlating them with similaf rocks on the east side of Harrison Lake,
north of the map-area. Frebold (1953, p.1232) cdnsidered that Daly's Tri-
assic ammonites probably belonged to the lower part of the Lower Jurassic,
elﬁhough he stated}that beds. of Triassic age may be present in the Cultus

Formation. Hillhouse (1956) mapped Mesozoic rocks around Cultus Lake, and
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followed Frebold in concluding they were of Lower Jurassic age. Misch
(1963, p.167) used the term Nooksack Group for clastic rocks .varying.in -
age from Late Jurassic to Early Cretaceous which crop-out south.of.the -
map-area; these rocks include some of those in Daly's Tamihy Series...

- Mesozoic rocks are widespread in the map-area. They form. International
Ridge, the north side of Church Mountain; and crop-out both in the north-
ern part of Tamihi Creek Valley, and in Chilliwack River two miles east
- of its confluence with Tamihi Creek. Five miles northeast of Cultus Lake,
Mesozoic rocks are exposed in roﬁd cuts in the Rydér Lake area. To the
north of Chilliwack Valley and on the east side of Slesse Creek Valley,
Mesozoic rocks crop-out above Palaeozoic rocks. The eastward continuation .
of these Mesozoic rocks on Mount Laughington and west of Mount Cheam is
bverléin by Palaeozoic rocks.

.Mesozoic fécksvof”Chilliwack Valley map-area are typically rusty-
brown, dark grey or buff weathering shales, argillites, slates, siltstones
and very fiﬁe-gréined sandstones. Of these, argillaceous rocks are probably
~ predominant. Coarser sandsﬁones and fine breccias ére present in this se-
quence but are relatively uncommon. Thickﬁesses of individual beds. range
from siltstone laminations in predominantkargillites up to about 4 inches
in beds composed partly of coarse sand-sized clasts. Rarely, bedding. thick-.
nesses are much greater. Graded bedding is typiéal of these rocks, with
regular alternations taking place between shales'and coarser clastic rocks.
Variation in'grain size may be difficult to see in finer beds but may be
recognized by hﬁe changes from light grey to dark grey to black as the
grain size becomes finer and the content of argillaceous material increases.

Small load casts afe common at the base of individual graded beds and



-93~ R
convoluted and cross—beddedhlaminae are observed rarely at.the top of some
beds. These rocks form a typical turbidite sequeﬁce (see Kuenen, 1964) of
graded, regularly alternating fine sandétones and argillites (Figures 2L,
22).

Sand-sized rocks of this sequence are unsorted, with no sharp dis-
tinction into grains and matrix. They are composed of various proportions
éf angular volcanic rock fragments, plagioclase feldspars, shale chips
and minor amounts of limestone fragments. Rocks in which feldspar grains
are more abundant than volcanié rock fragments tend to be light.grey in.
colour, and where volcanic fragmehts'predominate.the rocks are dark grey
or grey-green. Some rock3-with'Sand—sized texﬁures contain shale "micro-
breccias".or-intréformational conglomerates.

| Micrdscopically, some volcanic frégments show relict tuffaceous tex-
tures and are commonly altered to low birefringent, semi-opaque clay min-
erals, chlorite or less commonly calcite; others are fraéments of altered
basic of_inﬁermediate lavas and cdnsist of an altered (saussuritized ?)
groundmasé of féidspar microlites that encioses plagioclase phenocrysts.
Clasts which'are single féldépar'crystalé are:bommon,‘and show varying,
degrees Qf alteration. Unaltered feldspars afe albite, and altered feld-
spars, pafticularly'in Mesozoic rocks oflthe autochthon,-are‘composed of
albité associated with calcite or, by analogy with partly altered grains,
altered entirely to calcite. In Meésozoic rocks of tectonic ﬁnits higher
than the autochthon a typical alteration product of the feldspar laths is
| a brownish; fine-grained. mineral (incipient lawsonite ?) or fibroué law-
sonite (identified by X-ray methods). Some clastic calcite grains are of

organic origin, for they possess the microstructure characteristic of



Figure 21: Typical exposure of rocks of the Cultus Formation
in the autochthon, showing thin-bedded argillites, inter-
bedded with thicker bedded, graded volcanic arenites.
Exposure in logging road, west side of Liumchen Creek Valley.

Figure 22: Thin-bedded altered volcanic arenites and argillites
of Norian age; Cultus Formation, north side of Church Mountain.




-9/~
echinoderm skeletons (see Mooré, Lalicker and Fischer, 1952, p.575).
Typically, quartz is absent or rare, but rounded, clear, volcanic.quartz
grainé are lécélly commdn in the gfoundmass, and epidote 1s present, but -
rare. These rocks are typicai volcanic arenites.

Fine-grained Mesozoic rbcks in the autochthon exhibit a. fracture.
cleavage developed duringfprobable mid-Cretaceous deformation. and the
coarser«érained*roCks are jointed but'oiherwise unaffectea; By..contrast,
fine—grainéd'rocks of the Mesozoic sequence in all higher tectonic units
possess a élaty cleavagé,.with marked mineral and textural anisotropism.
being developed,‘and coarser rocks have a crude, penetrative foliationm.

There is some variation of 1ithology in this‘séquence of prédominantly
graded volcanic arenites and argillites. Hard argillaceous cherts and..
cherty argillites, which are‘generally thin-bedded but 6ccasiona11y massive,
are present near the contact with Palaeozoic rocks on the north side of
Chilliwack Valley, west of Mount Cheam, on Church Mountain and in.the
vicinity of Pierce Creek. These rocks are invariably fine-grained and no . ..
graded bédding has been observed in them. On the southwest side of Elk.
Mounfain, at an altitﬁde of'A,OOO feet, a thin, sparsely fossiliferous,

- shaly limestone to calcareous shale bed is interbedded with these cherty

~argillites (Fossil Locality 2). Minorwargillaceous limestones in Mesozoic
. rocks also crop-out on the Foley Creek road, and are exposed in creek. beds
.on the south side of Mount Laughington.

Variolitig'lavas in the‘extreme northwestern part of the map-area,
at an altitude of 500 feet on the Ryder Lake road, overlie fine clastic
rocks which contain Lower Jurassic fossils and are themselves overlaih_by

massive, micaceous sandstones. These lavas occur as pillow-like masses,
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with dark green chloritic material between the‘pillows. Pale green vari--
olites set in dark green chloritic material are visible near the .borders
~of the pillows; these variolites become more numerous and coalesce.towards
the centre of the pillows, where the whole rock is pale greénf .Thin.sec-
“tions réveal that the rock is‘composed of radiatiﬁg agegregates, up to:.
one mm..in diameter, of oligoclase or albite. Chlorite patches.within.
the rock simulaté‘the shape of pyroxene phenocrysts and contain relict
pyroxenevéleavages; Chlbrite occurs in vesicles, and with calcite,.fills
veins. 'Minor éhounts of pumpeilyité are aésoéiated with the chlorite.

The massive micaceous sandstone overlying the variolitic.lavas con=
. tains up to lO%‘éngular quartz fragments, feldspars, volcanic rock frag-
ments and_fairly.abundant‘muscovit; and blotite. Its composition differs,
by:the presence of detrital micas, from all othef known Mesozoic clastic
rocks.in the map-area, but resembles clastic rocks cropping;out on the.
east éide‘of Vedder»MQuntain, just West of the map-area (W.J. McMillan,
 ora1.cdmmunica£i§n, Febfuary, 1965).

‘The 1owér stratigraphic contact of these rocks was described previously
in the discussion df the Pérmo—Triassic boundary. - Bedding at the base of
the Mesozoic éequence is conformable with that in the stratigraphically
underlying Permian rocks. The contact in many places is marked by a brec-
cia, derived largely from underlying Permian volcanic rocks.

No upper stratigraphic contact of the Mesozoic sequence is known from.
the map-area. Although rocks of latest Cretaceous or poésible Paleocene
age crop-out on the north side of Chilliwack River, immediately west of
the map-area (Crickmay aﬁd Pocock, 1963, p.1933), exposure is so poor at.

this locality that the structural and stratigraphic relationships of these
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rocks to older Mesozoic rocks was not determined. The youngest.Mesozoic
rocks known are of Late Jurassic age; these rocks crop-out in the.south-
eastern part of the map-area and are overlain structurally by”amphibolitic
rocks of uncertain age.
The apparent thiékness of Mesozoic rocks in the map-area.prchably

exceeds 4,000 feet. Lack 6f distincti&e marker horizons, folding and -
relative‘paucity of outcréps_makes‘it impossible to give any.estimate of

the original thickness.
Fossils and age of the Mesozoic sequence

Fossils are not very common in Mesozoic rocks from Chilliwack Valley.
Bottom dwelling forms are represented by rare clams, snalls and crinoid.
ossicles, the latter being found only in the shaly limestone bed on Elk..
Mountain, or as detrital fragments of unknbwn age in clastic rocks. Trace
fossils, such as worm borings and trails, are present throughout the se-
quence.but are never abundant. Ammonites and belemnites have been .found
_af a few, scattered localities.

Fossils diagnostic of the Upper Triassic.(upper Karnian and>early
Norian), Early Jurassic (Sinemurian) and Laté Jurassic (late Oxfordian-.
early Kimmeridgian) have been collected from Mesozoic rocks in the map-
area. |

Daly (1912, p.517) obtained fossils from a locality just south of the
International Boundary to the southwest of the map-area which were consid-. ..

ered to be of Triassic age. These fossils were identified as the ammon-

ite Arniotites vancouverensis Whiteaves? and Aulacoceras ? sp., a belemnoid. .

resembling A.Carlottense Whiteaves. Ammonites of late Early Jurassic or
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early Middle Jurassic age were found on the Ryder Lake road by J.E. Arm-
strong (Hillhouse 1956, p.33).

A molluscan fauna was found by the writer in Mesozolec rocks..on the
east side of Liu$chen Creek, not far ffomvthe contact of these.rocks with

Palaeozoic rocks.(Fossil Locality 53). The most abundant fossil is.the

'small ammonite Hanhabceras.c.f. H. (Svmbolvévclus) nodifer (Hyatt.and.

Smith) (Flgure 23). Fragments of a larger ammonite, p0551bly Discotropites,

and a large alobga' (H. sugerba 9) were’ found associated with Hannaoceras.
E.T. Tozer (written communication, December, 1964) confirmed this identi-

fication of'Hannaoceras but stated that the identifications of Discotro-

pites and Halobia ére not very satisfactory owing to their poor preserva- .
tion. From near this locality a belemnite, possibly Atractites c.f. A.
drakei Smith, some small unidentifiéd pelecypods and a medium-sized,

orthostropic gastropod were collected. This fauna appears to be repre-

sentative of the Tropites subbulatus zone, and is uppermost Karnian in.age.
Poorly préserved Halobias were collected on the north side of Church
Mountain (Fossil'Locality 52). These Were'tentaﬁively identified by
G.E.G. Westermann (written communication, February, 1964) as Hglobia»
dilata Kittl ?? probably of lower, possibly of middle, Norian ége.
Fragmenfary ammonites and large, ribﬁed, belemnites were found in-
shaly limestone on the éouthwest side of Elk Mountain (Fossil Locality 2).
The belemnites (Figurev24) were idenfifiéd as Aulococeras c.f. A. Carlot-
A&gg§g Whiteaves. J.A. Jeletzky (oral communication, July, 1964) confirmed
this identification and considers_that Aulacocefaé is resﬁricted to the
Upper Triassié. The ammoniteé from this 1oéality were too poorly preserved

to be identified.



Figure 23: Hannaoceras c.f. H. (Sympolycyclus) nodifer
(Hyatt and Smith), X3, an ammonite of upper Karnian age,

from lower part of Cultus Formation, Liumchen Creek
(Fossil Locality 53).

Figure 24: Cross-section of Aulacoceras c.f. A. Carlottense
Whiteaves, X3, a ribbed belemnite of Upper Triassic age,
from shaly limestone of the lower part of the Cultus
Formation, on Elk Mountain (Fossil Locality 2).
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The Upper Triassic age of Aulacoceras raises some doubt as.to the age
of Daly's collection (1912, p.517) which contained, in addition to Aula-
coceras, ammonites identified as Lower Jurassic by Frebold (1953, p.1232).

A poorly preserved ammonité, collected from Mesozoic rocks on the
-logging road between Mount Mercer and Mount Thurston, was identified by,
H. Frebold (written communication, November, 1963) who writes:

"The poorly preserved specimen-fesembles specimens collected. by

' Dr. Armstrong some years ago, and by me in the summer of 1963.

I am including these specimens in the Arnicceratidae and will

probably identify them with Melanhippites. I have also made

collections from the Harrison Lake area some years ago and last

‘summer, which indicate the presence of the same genus. The age

of the beds concerned, which also includes pelecypods, is
Sipemurian.W

Similar forms to this were found in the Ryder Lake foad, probably
from the 1oca1ity where they were first collected by J.E. Armstrong (oral
communication, 1964).

No Middle Jurassic fossils aré known from the map-area. Daly (1912,

p.519) noted that Stephanoceras ? and Auqella erringtoni, respectively of
Middle and Upper Jurassic age, had been obtainéd from a locality not far
south of Tamihi Creek in northern Washington.

Poorly preserved pelecypods found in talus below the north face of
Mount McFarlane in the upper part of Pierce Creek Valley (Fossil Locality -

29) were identified by J.A. Jeletzky as Buchia ex. gr. concentrica (Sower-

by).  Jeletzky in a written communication (August, 1964) states:

"Most specimens are distorted beyond recognition. However, two
left valves are strongly suggestive of Buchia ex. gr. concentrica
(Sowerby) (= B. bronni Lahusen, non ? Rouillier, 1847). All rep-
resentatives of this species group are restricted to the upper
Oxfordian-lower Kimmeridgian stages of the Upper Jurassic through-
out North America and northern Eurasia. This is, accordingly,

the most probable age of this slaty facies of the Nooksack Group.
The same Buchia fauna, although much better preserved, occurs in
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the lower part of the type Nooksack Group in northwestern
Washington."

Correlation

Rocks of Upper Triassic age are common in this region. To the south-
west of the map-area, the Karnian to Norian Haro Formation of the San Juan
Islands consists of clastic sedimentary rocks, derived largely..from vol-
canic sources, and some limestones (Danﬁer, 1957, p.304). On.Texada..
Island, in the Strait of Georgia, about 130 miles west—northwest‘of the
map-area, the ammonite Hannaoceras is present in limestones interstrat-
ified with volcanic rocks (Mathews,.1947, p.36). Crickmay (1930b, p.35)
noted possibie Triassic sedimentary rocks oﬁ the west side of Harrison
Lake and also (Crickmay, 1930a, p.488) showed Triassic argillites, schists
énd greensfoneé, which he called the.Slollicum Series, cropping-out on the
east side of Harrison Lake, and continuing to the south across Fraser.
Ri&er, into the eastern part of Chilliwack Valley map-area. No fossils
were reported-as evidence of age of the Slollicum Series. About 80 miles
to the northeast, on the‘east.sidé of the Cascade Mountains, the Nicola
Gfoup contains fossils of Late Triassic age, and consists mainly of vol-.
canic rocks, with lesser amounts of 1imestone.and clastic sedimentary
rocks, (McLearn, 1953, p.1217).

The only known rocks from near the map-area which coﬁtain Lower Jur- .
assic fossils are from Harrison Lake (see Frebold, written communication,
above). Lower Jurassic rocks are known from Vancouver Island, from Parson
Bay,which is about 200 miles northwest of the map-area, (Jeletzky, 1954,

Crickmay, 1928) and from the Tyaughton Lake area, over 100 miles north of
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the map-area (Cairns, 1943).
Volcanic rocks of Middle Jurassic ége,.the Harrison Lake .Formation
of Crickmay (1962, p.3), crop-out on the west side of Harrison Lake. These
rocks are correlated by Danner (1960a, p.4) with volcanic rocks. at.the base
of the Upper Jurassic.to Lower Cretaceous Ndoksack Group which“crpps—out
south of the map-area in northern Washington. Variolitic flow rocks.over-
lie rocks containing Lower Jurassic fossils in the northwestern..part.of
the map-area. Possibly these volcanic rocks can be correlated with the
other Middle Jurassic volcanic rocks in the region.
Upper Jurassic clastic rocks of Chilliwack Valley map-area are dom-
inantly fine—grained, and are of similar lithology to Crickmay's Agassiz
Prajrie Formation (1962, p.6) of comparable age. According to Jeletzky
(written communication, above) these rocks in the ﬁap—area are a slaty.
facies of the Nooksack Group. Misch and Armstrong (in Hillhouse, 1956,
pp,38f39) have suggested that sedimentary rocks on thé east side of Vedder
Mountain immediately west of the map-area are equivalent to Misch's Upper
Juréssic—Lower Cretaéeous Nooksack Group. The mica-bearing sandstone above
the (Middle Jurassic.?) volcanic rocks in the northwestern part -of the map-

area 1s lithologically similar to some of the rocks on the east side of

Vedder Mountain.
Environment of deposition

All evidence suggests that Mesozoic clastic sedimentary rocks in
Chilliwack Valley map-area were deposited by turbidity currents, or re-
lated processes, well below wave base. These rocks are typically graded;

the only cross-bedding laminations observed are confined to the uppermost
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part of individual graded beds, and accordiﬁg to Kuenen (1964; p.27) .these
may be produced by fluctuations of turbidity currents. The presence,of.
worm borings and trails in these clastic rocks, indicates that the. sedi-
ments possibly‘accumulated at a depth-of water gfeater than that.to which
light can penetrate (Seilacher, in Trumpy, 1960, p,874).

' Cherty argillites in the sequence near the contactvwith Palaeozoic
rocks may have been.fbrmed in the féllowing manner. The silica.content of
the seé water in the basin may have been high as the result of .contempor-
aneous (Upper.Tfiaésic) vulcanism. Unless clastic sedimentation were
festricted tb very -fine material, slowly deposited from suspension,. then
precipitated silica wéuld be so diluted by clastic material rapidly depos-
ited from turbidity éurrents,‘that its presence would not be obvious.
These'cherty argillites may have been deposited on local highs on the sea
floor, possibly remnants of the Permian volcanic island, on which material
could not be laid-down by turbidity currents (see Heezen, 1963, p.754,
Kuenen, 1964, p.6), but which could be covered by very fine clastic mat-
erial originally carried in dilute suspension by "normal" marine currents.

With the possible exception of mica-bearing sandstone in the extreme .
northwest of the map-area, Mesozoic rocks in Chilliwack Valley area were
largely derived from volcaﬁic rocks. As'noted above, Uppér Triassic vol=-
canic rocks are present, both to the west on Vancouver Island, and to.the
northeast, on the other side of the Cascade Mountains. It is suggested
that during Late Triassic time conditions in these areas northeast and
west of the map-area were analogous to conditions in the map-area during
Early Permian time. The areas were highs on the sea floor resulting from

volcanic accumulation exceeding subsidence. Upper Triassic rocks in the



-102-
map-area, composed largely of clasts of volcanic origin and deposited by
turbidity currents, probably accumulated in a trough between the highs,
and were derived from them. The lithology of Upper Triassic and Lower
Jurassic rocks in the map-area is identical, and no stratigraphic break
can be detected between them. Presumably conditions extant in Late Tri-
assic time continued into the Jurassic.

Voleanic rocks within the map—area_Of ﬁossible Middle Jurassic age,
and Middle Juraééic‘volcanic rocké just.to.the north of the map-area. near
Harrison Lake, record the migration of volcanic centres back to the vicin-
ity of the map-area again, during Middle Jurassic time.

Little can be said of ﬁhe séurce of the siates containing the only
Upper Jurassic fossils known in the map-area. The mica-bearing sandstone
above the (Middle Jurassic ?) volcanic rocks in the Ryder Lake area is
lithologically Simiiar to ‘rocks on Vedder Mountain, some of which were
reborted to contain graniticvclasts (Hillhouse, 1956, p.34). Therefore
the mica-bearing sandstone in the map-area may be partly derived from gran-
itic or high-grade metamorphic rocks. Lower Cretaceous conglomerate con-
taining granitic clasts has been reported from north of the map-area in

the Harrison Lake area (Crickmay, 1962, p.7).
Nomenclature of Mesozoic rocks in the map-area

Daly (1912, p.516) gave the name Cultus Formation to presumed Triassic
rocks east of Cultus Lake. Later work has shown both Upper Triassic and
Lower Jurassic fossils to be present in the sequence. No stratigraphic
break or marked lithological variation is known in this sequence and the

term Cultus Formation is retained. Although "Slollicum Series" was applied
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' by Crickmay (1930a) to rocks of supposed Triassic age cropping-out.in the
eastern part of the map-areas, these rocks are laterél equivalents .of the
Cultus Formation in the Cultus Lake area and the term "Slollicum Series"
can be rejected on grounds of priority, insufficient lithologicglmdescrip-
tion and lack of fossils cited as eﬁidence of age. As no stratigraphic.
break or lithological variation has been detected between Upper.Jurassic.
focks in thé southeastern part of ﬁhe maﬁ—area and Upper Triassic.and..
Lower Jurassic rocks elsewhere, these rocks can only be regarded.as .part
of the Cultus Formation, stratigraphically equivalent to the.Agassiz_For-
mation of Crickmay‘(l962) or part of the Nooksack Group of Misch (Miller
and Misch, 1963)° In the northwestern part of the map-area, three dis-
tinct rock types are present. These are, Lower Jurassic argillites of the
Cultus Formation, volcanic rocks, which, if of Middle Jurassic age, are
possibly part of the Harrison Lake Formation of Crickmay (1962), and mica-
ceous sandstones, which crop¥ouf above the lavas and may be equivalent to

the Néoksack Group or the Peninsula Formation of Crickmay (1962).
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STRUCTURAL GEOLOGY

Preliminary statementy

The effects of what appear to be two phases of one ﬁeriodmof.defor—
mation are recognized in rocks whose ages range from Pennsylvanian to. Late
Juréssic. "The first phase, hereafter denoted Dy, took place after Late.
Jﬁrassic timeyand béfore the Miocene, and it is correlated with”thgnpro—
bable mid—dretaceous deformation of Misch (Mlller and Misch, 1963, p.167).
Major‘northeast—trénding overturned and recumbent folds and thrusts.were
formed at this time. Minor folds, denoted El’ and associated structures
formed during Dl are used in establishing the style, sense of movement,
and orientation of the major structufes° During the second phase, denoiea
22, northwest—trending struétures were superimposed upon the earlier. struc-=.
tures. The time during which the second period of deformation took place
can only be establishéa as post—gl and pré—Miocene.i Major structures
l; but.

minor structures produced during this period of deformation are common.

formed during 22 are not prominent relative to those formed during D

A general description of structural elements is given below; this is

followed by more specific descriptions of both minor and major structures.

Structural elements

Any one or combination of the following structural elements may be

present in a single outcrop.

[
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Planar structures

Bedding, denoted S , i1s commonly an easily recognized planar.struc-

0
ture, which, acting as a marker in folded rocks, enables the stylejofm
folds formed during Dl to be distinguished. Bedding is discerned.in indi-
vidual outcrops of clastic sedimentary rocks by variations in grain.size,
or, in the fine-grained clastic;rocks such as interbedded siltstones .and
argilliies; by variations in hue. Clastic sediméntary rock sequences. in.
which neither of the above can be seen are not common. Bedding is recog-
nized in limestone outérops, even where recryétallization has been exten-
sive, from the presence of chert nodules parallel to bedding, or from shaly.
interbeds. However, bedding in massive lavas and some crystal tuffs may
not be distinguishablé in single outcrops and in many cases can only be
determined by mapping lithological units.

Planar structures, denoted §1, are those produced during Dlo Their
presence in a particular rock and their exact nature depend in part upon
both the competancy of the rock during deformation and also the metamor=
phic environment in which deformation has taken place (see De Sitter, 1956,
p.77) .

The earliest secondary planar structure recognized which results from
deformation of both Palaeozoic and Mesozoic fine-grained clastic rocks in
the western pérts of the map-area (Subafea 1, Plate 3) is either a frac-
ture or strain-slip cleavage. In outcrops both of these cleavages are vis-
ible typically as a set of closely spaced fractures commonly oriented at
low angles to bedding. Strain-slip cleavage is developed when bedding,

§o, is closely and regularly spaced and the rock is fine-grained, as in
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laminated siltstone and argillite sequences (Figure 25), whereas fracture
cleavage occurs when §O is more widely and less regularly spaced and/or the
rocks are coarser grained (Figure 26). In a single graded bed.this frac-
ture cleavage may be in the upper part, composedfdf clay-to silt-sized.
clasts, but not the lower part containing medium or coarse sand-sized
clasts. |

Both fracture cleavagé and strain-slip cleavage are oriénted roughly .
parallel to the axial planes of minor folds of the same style in this
(western) part of the map-area. For this reason, and because bedding is.
the only planar structure cut by either the fracture or strain-slip cleawv- -
age, they are considered to be equivalent planar structures which were
formed during Ql, and both are denoted by the same symbol, §i. Their dif-
fering characteristics are seemingly due to differences of the primary
naturé of the rocks in which they are developed.

Slaty cleavage, denoted by §{, is ﬁhe éarliesF secondary planar struc-
ture recognized which results from deformation in all fine-grained clastic
.rocks in the remaining, major, eastern part of the map-area. In the field,
it is difficult 1oca11& to distinguish this cleavage from bedding, as the
two are commonly nearly parallel. Howevef,'miCroscopic examination invar-
iably reveals that siaty_cleavage, §r, has been developed (Figure 27). A
penetrative planar struéfure of metamorphic origin is also‘presént in-
coarse-grained clastic rocks in this parthf the map-area. In volcanic
arenites containing granule or coarse sand-sized grains, this planar struc-.
ture is a somewhat irregular folia£ion (Figure 28), which becomes more reg-
ular as grain size decreases, and appears to grade into slaty cleavagé.

Individual grains in the coarse clastic rocks appear flattened and many



Figure 25: Strain-slip cleavage, S', in laminated siltstones
and argillites of the Cultus Forma%ion; exposed in Liumchen
Creek. Dip of cleavage is to southeast.

Figure 26: F fold in medium to thin-bedded, fine-grained clasti9
‘rocks showing poorly developed axial plane fracture cleavage, Sy
(parallel to dashed line). Cultus Formation, in side of logging

road; nqyth side of Church Mountain. Dip of axial plane of fold
is to the southeast.




Figure 27: Photomicrograph, (thin section, plane light, X30)
of fine-grained clastic rock from basal part of the Mesozoic
sequence in Foley Creek showing slaty cleavage, S" (Parallel

to dashed line), parallel to compositional banding, §O’ §{
and Sy have both been gently folded.

Figure 28: Coarse volcanic arenite of the upper clastic sequence
on the south side of Mount Mercer, showing the penetrative
foliation, 8", (parallel to dashed line) cross-cut by kink-bands

(parallel to dotted line). Dip of plane of kink-bands is to the
southwest.
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grain boundaries are indistiﬁct (Figure 30B). . This foliation .is.approxi-
mately parallel to slaty cleavages in contiguous fige—grainedmnocks,.and
is the earliest recognized planar structure of metamorphic origin in the
coarse-grained rocks. It is therefore considered to be an analogous .struc-
ture to the slaty cleavage, and is also denoted by the symbol §$.
Where the relationship_is seen between slaty cleavage in.fine-grained
clastic rocks, and its seeming equivalent, the foliation in coarser .clas-
tic rocks, and minor Ei folds, these planar structures are axial plane.
cleavages (e.g. Figure 29A). |
Both §i and §£-are the earliest planar structures resulting from de-
formation and bear the same relationship to minor folds in their respec-
ti&e parts of the map-area, and are thus considered to be analogous struc-

tures, both of which were produced during D In addition, clastic rocks.

1"
in both parts of the map—aréa'are sﬁratigraphically equivalent and were
originally of similar character. Therefore, ﬁhe differing natures of §i

and §3 are due presumably to different metamorphic conditions extant during

their producticn. As §$ involves reorganization of rock-material (to pro-

duce slaty cleavage), in contrast to §i, and as it is also developed.in. ...

coarse clastic rocks, unlike §i, it appears to have been produced under more

intense metamorphic conditions than §i.

Planar structures, denoted by §é and §5; cut §O’ §i and §g and were

formed during QZ. Unlike the earlier two secondary planar structures which
are ubiquitous, in certain rock types, in their respective parts of the.
map-area, planar structures formed during 22 are irregularly distributed

on outcrop scale, although present throughout the map-area.

Planar sﬁrucfures designated by ﬁé are typically associated with fine



FIGURY 29: Minor structures, With the exception of
B; all examples shown of minor structures were traced
: directly from sawn surfaces of hand specimens,. The -
specimens are oriented in a near-vertical plane, with
the azimuth of the plane indicated approximately.

A Isoclinally folded laminations in a slate/siltstone
rock. Slaty cleavage, S", 1is effectively parallel to
the axial planes of thegg minor folds. Specimen is
_from lower clastic sequence, east side of Slesse Creek.

B Conjugate fold, in thin but irregularly bedded
argillaceous rocks of the Cultus Formation; northeast
side of Church Mountain.,

C. Conjugate fold, in cherty argillite, developed on
limb of pre-existing fold, Triassic rocks, near
summit of Elk Mountain.



////%/ '

/ W”%/% -/
I
L FIGURE 29: Minor st //t/////%\%\




FIGURE 30: Minor structures. All examples are traced
directlv from sawn surfaces of hand specimens. The
‘specimens are. oriented in a near vertical plane with
the azimuth of the plane indicated approximately.

A Planar fractures (§é) associated with crinkles,.
in a slate. Specimen “from basal part of Mesozoic
sequence, Foley Creek.

B Crudely foliated volcanic arenite, showing flatt-
ening of clasts parellel to S!, cross-cut by kink
bands, parallel to S!, Speci%en from upper clastic
sequence, south sidgg Mount Mercer.

C Curved fractures (S1) in a foliated fine tuff or
volcanic arenite, Vargation in grain gize across
specimen is responsible for curving of fracture planes.
Specimen from upper clastic sequence, Slesse Creek
gorge.

D Minor Dz'fold, associated with kink bands, in fol-
jated tuff or volcanic arenite of upper clastic seq-
uence, Slesse Creek,
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parallel crinkles locally developed oh'§ and §{. These crinkles.are. com-

0
mon in rocks, in which §O and §i, generally subparallel, dip eastwards at
- low to moderate angles, and §é is described below as it occurs. in.rocks .

with this eastward dip. The fine parallel crinkles are irregularly .dis=
tributed and may be either solitary or in groups in which they are spaced
as closely asrlo crinkles per inch. Where closely spaced, the. crinkles.
typically héve the form of reguiarly repeated, minute, asymmetric,.step=
like folds,'with a éhort limﬁ geﬁerally dipping steeply eastwards,.a. laonger
limb dipping either gently eastwards, horizontal or gently westwards,.and.
an angular hinge. Fractures, denoted §é, may be present instead .of the.. .
steep short limb, and are approximately normal to the general dip of §O
or §i and thus dip steeply westwards (Figure 3OA), In rocks of uniform ..
lithology, these fractures are planar (Figure 30A) but in rocks where the
grain sizebvaries they are curved (Figure BOC).Y The fractures divide the
rock into a series of slices, with each slice elevated successively abave
its eastern neighbour, so that the overall dip to the east of S anddgi is...
apparently steepened. Apart from thig local apparent steepening and. warps=
ing of §O and §$ where crinkles associated with §é are well developed, no. .
folds have been observed associated with this planar structure.

Structures developed in rocks other than fine-grained clastic rocks
cut §O and S" planes, are similarly oriented to-§é planes in contiguous..

1

fine-grained rocks and are bélieved to be analogous. Joint drags (Flinn,

1952, p.266) or kink bands (Ramsay, 1962, p.523) are developed in less
well-foliated and generaliy coarser grained rocks than the fine clastic

rocks in which the crinkles occur. Geometry of these kink bands is simi- .

lar to that of the crinkles in the fine-grained rocks, but they are of
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greater amplitude, more angular, and are not as closely spaced or. as. reg-

ularly repeated (Figures 28, 30B). The kink bands are typically present

in rocks that dip gently eastwards. Orientation of the plane.of kinking ... .. .

is roughly normal to 3. or §{ and is approximately parallel to.§é.innconr

0
tiguous fine-grained rocks. Local, closely spaced fractures in.shaly lime-
gtones are parallel td §é in adjacent shales. In massive rocks, .particu-
larly massive, hard;'quartz-bearing crystal tuffs, zones of en-echelon.
quartz—filled fractures, with each fracture up to 1 foot long, are lacally
present. The plane.of the zone containing these fractures is. roughly. par-
allel to §é planes in‘aésociatedvfoliated rocks.‘

Planar.stfuctures designated §g quur typically in fine-grained clas-
tic focks and are deyeloped‘on the short limb of asymmetric folds (Figufe
31), which superfiéially resemble the oblique-shear or chevron folds of ‘
De Sitter (1956, p.183). Commonly, these folds are oriented so that S,
or §E,:defining the longer, plane, limb, dips east at low té moderate. an- -
gles. §5 is oriented at about 45° to §O,°r §{ and thus dips eastward. at.

a fairly steep angle. The shorter, western limb is dividéd into a series
" in each slice is folded, and the overall.

0 1

effect is to produce a "limb" which dips westward or is néarly horizontal.

of slices by §; planes; S. and S

Less common are folds believed analogous to those described above in which

S. and S!" are deformed and in which S! is poorly developed (Figure 30D) or

0 1 2

absent (Figure 32). Furthermore, §5 planes are displayed in some rocks,

with no recognizable fold-forms. Rarely folds similar in form to those

described above occur where S_ or §{ dip steeply westwards, and §5 is

0

nearly horizontal.

Although §é and §5 have never been seen at the same location, and
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Figure 31: Asymmetric "fold" produced during D,, with east-
ward dipping, longer limb, and short western "%imb" cut by
§§ (parallel to dashed line). In upper clastic sequence
(%

by logging road, west side of Mount Cheam.

Figure 32: Asymmetric fold, with eastern dipping longer limb,
believed analogous to fold in Figure 31, but with no development

of 8" planes. Lower clastic sequence, in logging road, south
end %f Slesse Creek.
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thus their relationship cannot be directly observed, several lines of"
evidence suggest they are related structures produced during .the.same.

phase of deformation, D The main difference between them appears.to.

X
be their angular relationship with earlief planar structures; §énismor;
iented at roughly 90° to 8, or §i, and S§ at about 45°.

Both §é‘and §5 have been formed under similar metamorphic..conditions.
They both cut §O and §i or §1 and are associated with fold forms.which
commonly have angular hinges and which appear to result from deformation.
under which the rocks génerally behaved in a brittle manner. In every .ex-
ample of §é and §5 studied microscopically, the reorientation of minerals
parallel to §é and §5 is mechanical and restricted to the immediate vici=..
nity of the planar structures. Because there is no reorganization of_fock
material, these structures were presumably produced at a lower metamorphic
grade than that under which slaty cleavége (§{) was formed. To allow for.
such a decrease in metamorphic grade there must have been a relatively
long interval between the time when §{ was produced (Ql) and the timenwhen.
8 and §5 were formed (22).

Conjugate folds (Figufe 29B)>are present in the map-area and appear.
to have beeﬁ produced under similar metamorphic conditions and at a simi-
lar time to §é and §£, as both Sy and §i or §{ are deformed in these con-
jugate folds, énd‘as the folds ha&e angular hinges and seem to be the re-

sult of brittle deformation. The relationship between conjugate folds and
planar structuresformed during 22 has not been observed by the writer in
the map-area, but the relationships between these structures may be inferred.

from the studies done elsewhere by Paterson and Weiss (1962) and Ramsay

(1962).
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Conjugate folds and kink bands have been produced experimentally by
compression of phyllite. Where the direction of compression is._contained
within the foliation of the phyllite so conjugate folds are formed.by. the
symmetrical intersection of two sets of kink plenes. The sets of kink
bands are asymmetric where the direction of compression is not.contained
in the foliation, and only one set is developed when the direction of .com-
pression is at 25° to 45° to the foliation (Paterson and Weiss, 1962,
pp.1046-1047) . ‘

Ramsay (1962) discussed the form and geometry of conjugate folds and
their relation to stress directions, and noted that bedding planes fre-
quently contain the maximum stress direction (Pmax) where conjugate folds..
have been formed in thinly bedded rocks. Where the maximum (and minimum
stress) directions are oriented at about 450 to bedding planes, then kink
bands or joint drags are producedx(Ramsay, 1962, pp.521-522).

In the Chilliwack Valley area conjugate folds are rare, but were
presumably produced when Pmax was contained in §O or §l (Figure 334). The
angular relationships of the axial planes of these folds to §O or §l are -
the same or véfy similar to the angulaf relationships between §g and S
or §1 in the "oblique-shear" type folds. It is suggésted that §£ is
formed when Pmax was nearly but not quite contained within the plane of §O
or §1, thus producing an asymmetrical fold, corresponding to one of the
folds of‘a cbnjugate pair (Figure 33B). Pmax oriented at about 450 to the
foliation, however, produced §é in fine-grained rocks, and kink bands in
céarser and less well-foliated rocks oriented at roughly 90° to the foli-
ation (Figure 33C). Thus, the different.§2 planaf structures are believed.

to have been formed during the same phase of deformation (22) by stress
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- fields oriented differently with respect to the earlier planar structures,

Linear structures

Linear structures denoted Ll were produced during Dl and .are. the...
intersection of Qi or §{ with §O, or the rarely observed crinkling ofngo
in the slices associated with strain-slip cleavage, §l. Ll is parallel 
to the axes of minor folds, denoted El,.forhed during 21 (Figure 344).

Linear structures produced during 22 are of several types. Crinkles
or crests of kink bands, parallel to the.intersection of4§é with §O
are denoted Lé (Figure 34B). Both the crests of chevron folds, denoted

or 8,

EZ’ and the intersection of §5 with §O or §l are denoted Lg (Figure 34C).

The crests cf conjugate folds are denoted LZ" Intersecting sets of LZ’

each set being parallel to the fold axes of the small paired monoclinic

folds and producing a rhombic pattern-of kinks on S . or §l have been ob-

0

served at a few localities (Figure 34D).
Minor folds

The following criteria distinguish F _from-_}?_‘2 folds in the field.

1

El folds are the result of deformation of §O alone. They are commonly

tight with angular to rounded hinges, and, in rocks of suitable composi-
tion, have an axial plane cleavage gi or §5 which is presenﬁ throughout

the fold (e.g. Figures 26, 35, 37)° F, folds deform S and §1 and are

2
either conjugate or are of asymmetric "oblique-shear" type. Cleavage,
§5, where present, is restricted to the short limb of these folds (Figures

29B, 31, 32).
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It is sometimes difficult to relate folds with the style of. those

1
in rocks in which §1 is poorly developed, such as the cherts in.Figure 40.

shown in Figure 36 and 40 to either Q or 22, when these folds .are. present

Where such folds cannot be related to the complimentary fold of. a conjug-
ate pair and where their axes are conformable with those of neighbouring

El folds, they are considered to be El folds.

Structural synthesis

The map is divided into eight subareas, from each of which the.orien-
tation of the above structural elements is plotted on a equal-area.net .
(Plate 3). Choice of these subareas is in part arbitrary, depending upon
outcrop distribution, and in part based on tectonic units,vparticular tec—.
tonic units being further subdivided perpendicular to the direction of

plunge.
Subarea 1

This subarea is bounded on the west by Cultus Lake Valley, on the
north by Chilliwack River, and on the east by the eastern limit of Meso-
zoic rocks in the northern part of Tamihi Creek Valley (Plate 3). The
southern Iimit is the contact between both Palaeozoic and Mesozoic rocks... .
and overlying Permian volcanic rocks of the Liumchen Nappe.

Rocks of this subarea are less metamorphosed than those elsewhere
in the‘map—area, aﬁd the fine-grained clastic rocks contain fracture clea-

1

present in equivalent rocks in the remainder of the map-area. No cleavage

vage or strain-slip cleavage (S!) rather than the slaty cleavage (§;)

formed during D, has been observed in coarse sand-sized rocks of the Cultus

1
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Formation, in coarse clastic rocks of the Chilliwack Group, or..in Palaeo-
zoic limestones and volcanic rocks of this subarea.

Minor folds (denoted El) in medium-to-thin-bedded, predominantly fine
clastic rocks of the Cultus Formation on the east side of the.south.end
of Cultus Lake are overturned to the northwest, and have horizontal.fold-
axes trending 050° and axial planes dipping 35° to the southeast.. These . .
folds are'generally.tight,'ﬁith rounded hinges, and fine-grained rocks
have a well-developed fracture cleavage, §i, approximately parallel.to
their axial planes. Many El folds occur in thin-bedded rocks.af.the. Cultus
Formation and thin—to—medium—bedded_volcanic rocks at the stratigraphic
top of the Chilliwack Group in Liumchen Creek Valley. These folds are
tight to nearly isoclinal (Figure 35); have angular to rounded hinges, and
fold-axes of variable orientation. Because fold-hinges are commonly angu-
lar in thinly bedded rocks and rounded in more massive rocks, their form
appears to be largely a function of competancy. The folds are overturned
in a northerly or northwesterly direction, with axial planes dipping gen-~
erally southerly at moderate angles but rarely as steeply as 800. Tight

F_ folds present in rocks of the Cultus Formation on the north sides of

1
Church Mountain (Figures 26, 36), are invariably overturned to the north..
No folds have been observed in coarse claétic sedimentary rocks of the
Chilliwack Groﬁb exposed to the west of the sumﬁit of Church Mountain..
Permian limestore, forming cliffs east of and immediately below the summit ...
of Church Mountain, is deformed into large folds, also overturned to the
north.

Minor structures produced during 22 are commonly chevron folds or

kinks related to these, but the planar structure, §£, which is assoclated
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Figure 35: Tight to nearly isoclinal F. fold, with gputh-.
east dipping axial plane, and fold axis plunging north-
eastward at a low angle, in fine-grained clastic rocks of
the Cultus Formation, not far above the contact with
Permian limestone exposed in inlier, east side of Liumchen
Creek.

Figure 36: Tight (El?) fold, with southeast dipping axial
plane and fold axis plunging southwest at & low angle, in
thin-bedded clastic rocks of the Cultus Formation, in side
of logging road, north side of Church Mountain.
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with' chevron folés elsewhere in the map—area, apparently is not well.de-
veloped in this subarea. Crenulations or structures related‘to §é and
conjugate folds are relatively rare. All of these iater structures..in
this subarea are of vefy irregular form, in comparison to analogous.struc-
tures elsewhere in the map-afea; Ramsay (1962, p.517) has noted that..con-
jugate folds are mést commonly developed in thin bedded or closely laminated
rocks and only rarely in strata where the beds exceed 10 cm. in“thicknéast
Possibly the more regular form of 22 stfuctures found in rocks elsewhere
in the map-area is the conséqﬁence of the slaty cleavage (§1)‘in_thesemﬂ
rocks'being a more perfect foliation than the fracture cleavage_(gi),char:.
acteristic of rocks of Subarea 1.

Stereographic projectioﬁ of the above structural elements shows the
effects of more than one period of deformation, ésvplots of Ll lie on a.

(poorly defined) great circle and poles to S, are scattered (Plate 3). If

0

it can be assumed that prior to D., S, was horizontal, Ql deformation would.

1’ =0
then produce El folds with horizontal fold axes. The orientation of Ll’

when horizontal, is 0600, and presumably indicates the trend of El folds.

1

prior to D. deformation. Poles to §O form a diffuse maximum corresponding.. . . .

to a strike of 0600, and a dip of 400; possibly this is some reflection.
of the orientation of the average limbs, and thus.the axial plane prior
1 structures were deformed, so

that L; Iineations when plotted lie on a great circle, and poles to §O’no

to 22 deformation. During 22 deformation D

longer form a regular pattern. The presence of even a diffuse concentra-

tion of poles to S, remaining after this deformation may indiéate a bias

0

in sampling, and/or that the effects of the second period of deformation.

were localized, and the orientation of many early structures were little
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altered by the later period of deformation. The irregular distribution
on outcrop scale of minor structures produced during 22 (in contrast to
‘the ubiquitous fracture or strain-slip cleavage%fbrmed during QlAin all..
fine clastic rocks) gives some basis to the latter suggestion. Most planar
structures formed during DZ which were measured from this subarea are §£
structures; they are thus of little value in determining the orientatioﬁ
of axes of the stress system which produced thém (see Figure 33B). How-
ever the ofientation of stress axes can be determined from rarely observed
conjugate folds. In one conjugate fold (Figure 29B), the intersection of
the axial planes of the pair of asymmetric folds comprising the conjugate
fold is approximately horizontal, with an azimuth of 150°. This inter-
section is parallel to the intérmediate stress axis (Pint) of the stress
system producing the fold. According to Ramsay (1962, p.520) the correct
bisector giving Pmax can always be determined from the shape of the fold.
In the case of the fold in Eigure 29B, Pmax is approximately horizéntaln
and has an azimuth of 240o (600). The poésible orientation of El fold axes
prior to 22 deformation was 060° and horizontal; this corresponds to Pint
for Ql. Thus Pmax fo; D, appears to coincide with the possible-orientatioq v
of Pint for Ql,

horizontal fold axes, trending about 0600, and axial planes dipping AOO to. .

In summary, minor folds formed‘during Dl possibly had

5 The orientation of

was parallel to the possible position of undeformed El fold.

the southeast. These folds were deformed during D

2

axes, or Pmax during 22 was parallel to Pint for Dl'

Further>mapping of lithological units is necessary before the major

Pmax during D

structure of Subarea 1 is known. Permian volcanic rocks in the bottom of

Liumchen Creek Valley are interfolded with Mesozoic rocks. The contact
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is probably stratigraphic; fbcks are conformable on both sidesMQf.iL;and V
fossils of. Upper Karnian age, the oldest known Mesozoic foésils,ingthaw
map-area, are found close to the contact. Palaeozoic rocks dappingTw
Church Mountain are.inverted. The structural succession, from the top
down, consists of the upper clastic sequence, exposed west of. the peak,
Permian limestone transitional downward to Permian volcanic rocks, exposed.
 below the_east_side.of the peak, andbfinally, Mesozoic rocks. North of
the peak of Chﬁrch Moﬁntain, Permian rocks are interfolded with Mesozoic . ..
rocks, with a stratigraphic contact between théﬁ, This inteffolding,afm"
Mesozoic and Permian rocks and the overturned sequence on Chﬁrch Mountain
suggests that overturned folding rather than thrusting is responsible for.
the presence of Palaeozéic rocks on top of Mesozoic rocks. Possibly the
Palaeozoic rocks on Church Mountain form the inverted limb of a large re;
cumbent anticline, with a southerly (?) dipping axial plane. The struc-
tural relationship between the inverted Palaeozoic sequence capping Church
Mountain and the rocks in Liumchen Creek is not known. As Pennsylvanian.
liﬁestone is present in Liumchen Creek, not far horth of the International
Boundary and also 3,000 feet higher, roughly a}ong strike, southwest of

the summit of Church Mountain, the relationship between the two may be
complex. In degree of metamorphism (including development of fracture
cleavage) no detectable difference ex?gts between rocks in Liumchen Creek
and those on Church Mountain. 'This unifbrmify is in.contrast to the higher
degree of metamorphism (including development of slaty cleavage) in all, . .
structurally higher, rocks in the map-area, and suggests that rocks of
Subarea 1 should be considered as a single unit.

Rocks in Subarea 1 are considered to be autochthonous. There is no
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evidence that rocks in the western paft of this subarea have undergone any
considerable lateral translation. The axial planes of El foldswnegr_Cultus
Lake and in Liumchen Creek dip at moderate (rarely steep) angles.to.the’
southeast. If the attitude of these overturnéd minor folds reflects that
attitude of large-scale étructures, as in the overlying McGuire. Nappe,-
where the minor recumbent folds reflect the attitude of the.majar;strnczM
ture, fhen it is unlikely fha{ these rocks have been displaced laterally .
to any great extent. However,Palaeoioic roéks overlie Mesozoic“rocks_in__ww .
the.eastern part of thé map-area. As all récks in Subarea 1 have undergons.....
the same amount of metamofphism, and as there is evidence of folding of ...
the rocks on Church Mountain rather than overthrusting,the Palaeozoic.:rocks
are possibly parautochthonous. The hypothetical relationship of rocks
in this subarea to each other and to other rocks in the map-area ié.indi—‘

cated in Figure 4 and Plate 2, section 8 - 8.
Subarea 2

Subarea 2 lies south of Chilliwack River and east of Borden Creek. .
It is bounded on the west by Mesozoic rocks of Subarea 1, and includes
volcanic rocks lying west of Tamihi Creek and south of Subarea 1. Its
southern boundary.is the limit of mapping.

This subarea is composed mainly of volcanic rocks and limestones of . .
Permian age, and also includes older clastic rocks and Pennsylvanian 1ime—
stoneﬁi Massive Permian volcanic rocks are exposed on-the west and north- .
west slopes of Mount McGuire and overlie rocks of Subarea 1. Structurally
overlying the volcanic rocks and forming the peak of the mountain is Per-

mian limestone, which is partly stratigraphically equivalent to the under-
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lying rocks. Minor volcanic rocks, stratigraphically above the Permian
limestone, are exposed on the north side of the peak. The upper clasiic.
sequence, Pennsylvaﬁiaﬁ limesfone and the lower clastic sequence, all strat-..
igraphically below the Permian limestone, crop-out southeast of the peak.
Minor structurés'prOduced dﬁring Ql are common in sedimentary rocks..
of this subarea.v Large, rebumbent, nearfisoclinal El folds, o&erturned
to the northwest, with northeast trending axes, are visible iﬁ Permian
:limestone cliffs northeést of the peak of Mount McGﬁire (Figures 37, 38).
Tuffs, thin-bedded cherts and aréillites of the volcanic sequence strat-.
igraphically overlying the Permian limestone, are infolded into the lime- .
stone west of the peak, and form angular, tight,1recumbent, "zig-zag" F

1

folds, of a gmaller sqale than the El foldé in the limestone. Few El
folds have been recognized, hbwever, in the extensive area of limestone. -
outcrops east of the peak of Mount McGuire because such folds in massive
limestone are too large to be visible in most outcrops. No El folds have
been seen in massive volcanic rocks poséibly bécause 5o planes are diffir..
cult to‘recognize in thgse rocks,and no §i planes have been seen in these
rocks.> The massive volcanic rocks nonetheless are locally highly fgulted,
and contain shear zones which in a few cases-are parallel to tuff horizons.. -
in the predominant flow rocks. Clastic rocks, southeast of the peak of‘
Mount McGuirelghow a crude §i fqliation but folds are not common in these.
rocks. Repeated inversion of graded bedding in graded rocks of the lower
clastic sequence stratigraphically below Pennsylvanian limestone, south- -
east of Mount McGuife peak, is due to small-scale El folding.

Minor structures formed during 22 are not common in rocks of this

subarea, possibly because of the massive nature of most rocks in the



Figure 37: Recumbent F, fold, overturned to the northwest,
in cliffs of Permian l}mestone on the north side of the
north ridge of Mount McGuire. Axis of fold is nearly
parallel to cliff-face.

Figure 38: Recumbent F. fold, overturned to the northwest, in
cliffs of Permian limesStone in cipque north of peak of Mount
McGuire. Arrow points to fold; dashed line indicates contact
between limestone and stratigraphically higher, structurally
lower, tuffs and cherts of the Permian volcanic sequence.
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subarea. Crinkles océur in some (rare) foliated volcanic rocks. in Tamihi
Creek, and rare E2 "chevron™ folds in fihe—grained clastic rocks.south-
east of the summit of Mount McGuire. Steep, closely-spaced, local. joint-
ing in Permian limestone is approximately parallel to §é planes in fine. ..
clastic rocks of the subarea east of Subarea 2.

Information recorded of all structural elements, except,go, is. sparse:
from this subarga.. Thé few fécorded Ll lineations trend 0400, and have.
shallow plunges to the northeast or are horizontal. Poles to §O lie on
a gréat circle, whoge pole correspoﬁds approximately to the orientation
of Ll lingatibns. Too few 22 structural elements have been recorded to
be of any value.

Two explanations for the strucﬁure of Subarea 2 are considered below.
The first is that the structure consists of two nappes, major tectonic
units separated»fromveéch other and from underlying rockg.by thrust (?)
faults. The lower tectonic unit is a thrust sheet and is called the Lium-’
chen Nappe. The upper unit is characterized by a recumbent anticline, with..
a thin, partly presérvéd lower limbjcut out by a thrust or lag fgult, and
is designated the McGﬁire Nappe. The second explanation is that the
structure consists of a single recumbent fold, with the lower limﬁ,being
the Liumchen Nappe proposed above.

Rocks forming the proposed Liumchen Néppe in this subarea underlie.
the lower parts of the weét and northwest sides of Mount McGuire and ex-.
tend westwards across Tamihi Creek to Liumchen Mountain. The nappe in
this subarea is combosed of massive Permian volcanic rocks, mainly flows.
Evidence that the basai contact of this nappe is a low-angle thrust fault -

is provided by the map-pattern. A continuous body of Permian volcanic
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rocks extends from about 9 miles southwest of the map-area (Moen,.1962,.
Plate 1) and crosses the International Boundary at the south end of Inter-
national Ridge, where it lies on Mesozoic rocks. East of this locality,.
the volcanic rocks continue parallel to, and just south of the .Boundary,
still lying on Mesozoic rocks (Daly, 1912, Mab 89A) and recross.the Boun-
'dary again, to form the summit of Liumchen Mountain, north of which they.
iie on Palaeozoic rooks;"The Volcénic rocks of Liumchen Mountain extend
to the east across Tamihi Creek and are exposed on Mount McGuire, where
they again overlie Mesozoio rocks. FOverthrusting would account for the
overstepping of this Permian volcanic unit from Mesozoic volcanic rocks . .
in the west, on to Polaeozoic rocks northvof Liumchen Mountain, and back
on to Mesozoic rocks on Mount McGuire, and seemingly provides the basis
for Daly's (1912, Map 894) and Moen's (1962, p.6l1, and map) interpreta=-
tion of the lower contact of this body of Permian volcanic rocks as a
thrust. ASupporting evidence for overthrusting is provided by the differ-
ing nature of §1
of the same composition, below and above this fault. Slaty cleavage is.
developed in all fine-grained clastic rocks and a foliation in coarser
clastic rocks above this overthrust, whereas below the overthrust, strain-
slip cleavage or fracture cleavage is present in fine-grained clastic .
rocks, with no corresponding cleavage in coarser rocks. De Sitter (1956,
p.98) concluded that fracture cloavagé could develop into slaty cleavage.
The apparent lack of any transition between the‘two in the map-area, is
additional support for a structural discontinuity. The upper contaot.of
this tectonic unit will be discussed in the following description of the

McGuire Nappe.

planar structures in certain rocks, apparently originally. ..
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Rocks forming the McGuire Nappe in this subarea underlie .the summit
of Mount McGuire and extend eastwards as far as the limb of the.subarea.
The nappe is composed of Permian limestone, overlain stratigraphically ..
by minor Permian volcanic rocks and underlain by clastic rocks and . Penn-
sylvanian liﬁestone. Permian limestone forming the peak of MounimMcGuire
outlines a large recumbent anticline, overturned to the northwest, whose.
lower limb is partly missing (Plate 1, Plate 2, section 6-6').. The axis.. ..
of this major structure trends 040o and plunges northeast at about,SQ, and
the axial piané dips generally eastward at shallow angles. The conformity
of the geometry of F1 ‘folds in cliffs north of the summit of Mount McGuire
(Figure 38) with that of the major structure demonstrates that the major .
structure was formed during the same period of deformation, Dl’ as the
minor folds. Permian limestone at the peak of Mount McGuire is the hinge ..
of this major recumbent anticline and ‘forms digitafions, which north of
the péak enfold younger tuffs and argillites of the Liumchen Mountain For-
mation. Limestone outlining the upper limb of the major fold formé»a prom-. .
inent ridge east of the peak.of Mount McGuire; this upper limb may extend
at least 4% miles to ﬁhe southeast as Misch (oral communication, February,. .
1965) has mapped limestone overlain by volcanic rocks on Bordér Peak. The
lower limb of this major reéumbenf fold is thin and represented only by
Permian limestone forming a low east—wesf ridge southeast of the peak.of
Mount McGuire and scattered limestone ébds, further south, which lie on
Permian volcanic rocks of the underlying Liumchen Nappe. Clastic rocks,
stratigraphically below the Permian limestone, together with Pennsylvanian. .
limestone form thé core of this recumbent anticline and crop-out southeast

of the peak of Mount McGuire. Rocks of -the upper clastic sequence are in
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contact with Permian 1imestdne‘and extend stratigraphically down..to.Penn-
sylvanian limestone exposed near Spencer Peak, below which are rocks .of
the lower clastic sequence. This latter sequence contains the oldest..
rocks of reasonably certain age in the map-area; these lie directly .on.
Permian volcanic rocks of the Liumchen Nappe (Plate 2, section 6-6'). The
fact that no rock seﬁuences in the core of the McGuire Nappe are.inverted
and that the oldest roéks'in‘thé nappe lie directly on Permianfvolcanic” 
rocks,.is evidence for the exiétence of a flat-lying fault between the..
MceGuire ﬁappe and the underlying’Liumchen Nappe.

The altefnative explanation for the structure of this subarea, which
is. equally compatible with the evidence from ﬁinor structures, is that
rocks of this subarea are part of one tectonic unit, a large recumbent
anticline 6Verturned to the northwest, instead of the two tectonic units
- postulated above. The lower limb of the single tectonic unit is composed
of the Permian volcanic sequence, and the hinge and upper limb consists
partly of Permian limestone and minor volcanic rocks, together with Meso-
zoic rocks which stratigraphically and structurally overlie Permian rocks.
east of this subarea. 'Older rocks lie in the core of this recumbent fold.
As the Permian volcanic sequence is at least partly stratigraphically
equivalent to the Permian limestone, a rapid facies change must take place
across the hinge of this postulated major fold, from a sequence composed
of Permian volcanic rocks to a predominantly sedimentary sequence. How-
ever, if these rocks do form a large recumbent fold, it is difficult,if
not impossibleyto give any structurally consistent explanation for the
absence of an inverted sequence of Pennsylvanian to Permian clastic rocks,.

with interbedded Pennsylvanian limestone, in the core of the fold, as the
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oldest known rocks in this tectonic unit are clastic rocks, .stratigraph-
ically and structurally below Pennsylvanian iimestone, which lie.on Permian
‘volcanic rocks of tﬁe postulated lower limb. No evidence for ar..against
inversion of the Volcanic sequence in the lower limb has been obtained.
from this subarea, -and good evidence exists that the position.of. the.. ..
volcanic sequence above rocks of Subarea 1 is due to overthrusting,.rather
than overturned folding. ‘Howéver, the hinge of'this postulated major.re-
cumbehﬁ fold as marked by'Permian‘limestﬁne on Mount McGuire, .is at.least.
5 ﬁiles southeast, in a direction normal to the trend, and contained within..
the axial plane, of any possible hinge marked by the contact between the
Permian volcanic rocks and sﬁratigraphically overlying Mesozoic rocks.
Maximum thickness of the Permian &olcanic rbcks immediately below Permian. ..
limestone marking the hinge is 2,000 feet. If it is assumed that no thick-
ening occurs at the hinge of the major recumbent fold, then the contact..
between Mesozoic rocks and Perﬁian volcanic rocks on the hinge would only
be 2,000 feet northwest of the hinge as marked by Permian limestone. The
actual distance to any possible hinge is ten times this, which strongly..
suggests that there is a structural discontinuity between the lower, vol-
canicréequence and the upper, predominantly sedimentary sequence (Figure
39) . |

However, there are certain objections to the structural interpretation.
proposed by the writef that there are two separate tectonic units, each
underlain by a flat-lying fault. North of this sﬁbarea, north of the
Chilliwack River, Mesozoic rocks stratigraphically and strudturally over-
lie Permian volcanic rocks which are the northerly continuation of the
Liumchen Nappe in Subarea 2. Therefore, if the McGuire Nappe had been

thrust over the Liumchen Nappe, as suggested by its geometry, Mesozoic
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rocks sﬁould separate the two tectonic units in Subarea 2, which.is.not
the case. A possible explanation for this apparent anomaly is. that_the
flat-lying fault separating the two tectonic unitsbis a lag or. lag-fault
rather than a thrust. A lag, as originally defined by Bailey (1934, p.467) . .
is a fault formed in close causal connection with folding, which .replaces. ..
the normal;(ﬁpper) limb of a recumbent stfucture. A 1ag—faultv(Hills,
1963, p.lQl) is -2 low angle fault:-with normal fault displacement, which .
originates from éhé upward movement of the footwall block in a general.
region of thrusting. In this case, the hanging wall is the McGuire Nappe
which has lagged behind the movement of the footwall, or Liumchen Nappe.
(A lag, as used in Bailey's sense, cannot be proven in this example.) The
geometry of the‘overlying first order nappe is apparently énomalous, but
may be a relict of its initial form (see below). This lagging behind of
the McGuire Nappe, in the general forward movement could account for the
absence of Mesozoic rocks between the two tectonic units, and ié éompatible.
with the presence of Permian volcanic rocks of the Liumchen Nappe at least..

6 miles northwest of the hinge of the McGuire Nappe.
Subarea 3

This subarea is bounded. on the west by a north-south line along
Borden Creek, on the north by the Chilliwack River and on the ieast by
Slesse Creek. The southern limit is the limit of geological mappinglin
this direction (Plate 3).

Most rocks in this subarea are stratigraphically belbw the Permian
limestone, with the exceptioﬁ of Permian limestone and minor volcanic

rocks which crop-out in the north of the subarea, Permian limestone in
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the centre, and Permian volcanic rocks in the bottom of Slesse. Oreek.
Valley.

Minor folds formed during D, are visible in the limestone.bluff. at

1
the confluence of Slesse Creek with Chilliwack River, and in fine clastic
rocks on the.west side of Slesse Creek Valley about 3 miles south .of..the

~ above locality. Slaty cleavage §; is developed in the fine clastic rocks,
but as this cleavage is sub-parallel to beddiﬁg in this subarea, .it.is.

. difficult to distinguish the two. Coarse clastic rocks, particularly..
those which afe tuffaceous, show a crude foiiation, parallel to §{ in.
finer, contiguous rocks.

Structures fofmed dufing 22 are very well developed in this subarea,
possibly because of the predominance of well-foliated fine clastic rocks.
Crinkles and associated planar structures (§é), "oblique shear" type folds
associated with §5, and folds probably related to "oblique shear™ type
folds with no development of §5 (Figure 32), are common, particularly in
the vicinity of Pennsylvanian limestone on the west side of Slesse Creek
Valley. Locally this limestone, which is shaly, shows closely spaced
fractures parallel to §g,

Projection of the above information shows the effects of two periods
of deformation. Most poles to §O are concentrated in a similar area to
.those in the plot of Subarea 2, but an additional weak maximum is devel-
oped in the northeast guadrangle. Orientation of the few Ll lineations
is variable, but they are confined to the northeast—southwest guadrangles,.
and vary in plunge from horizontal to 450.

Structures related to 22 provide more information. According to

Ramsay (1962, p.521) structures similar to kink bands are produced when
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Pmax and Pmin are oriented at about 45° to bedding planes (or. foliation)
and of the two shears produced one will cut the_beddiné planes..at .a high
angle, and the other may lie so close to bedding that shear movements are
dissipated by slip on bedding surfaces. Where §é is present, .associated
with crinkles or kink bands, and oriented at about 90° to §O (orwgl),4
then if it can be assumed that the other conjugate shear is nearly .para-

1lel to §O (or §l), intersection of §é with 8. (or §l) will give a.rough

0

approximation of the orientation of Pint (Figure 33C). Direction of.dis-

placement along §é will indicate which bisector of the angle betweenigb

‘(and §1) and §é contains Pmax. The average Eiht determined from the inter=

1 1"
section of §O (§l

about 170° and plunges at 100 to the south, Pmax plunges 250 in a directdion

is effectively parallel to §O) with §é is oriented at

075°, and Pmin plunges at 65° in a direction 260°.  The development of a
west dipping limb, (Platé 3) is presumably due.to the imposition during .
22 of the above stress field on previously folded rocks.

Most rocks in this subarea lie in the core of the McGuire Nappe. The
limestone bluff at the confluence of Slesse Creek with Chilliwack River is
the hinge of a syncline overturned to the west-nofthweét, which lies hbe-
~ tween digitations of Permian limestqne on the nose of the McGuire Nappe.
The general northeasterly trend and plunge of these digitations from the
peak of Mount McGuire to this limestone bluff is readily apparent from.the
spatial distribution of Permian limestone, forming cliffs, on the north
side of Mount McGuire. Permian limestone in the central part of the sub-
area, north of Spencer Peak, and possibly limestone overlain by volcanic

rocks on Canadian Border Peak south of the subarea (P. Misch, oral commun-.

ication, February, 1965), are part of the upper limb of this nappe.
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Strongly foliated, amphibolitic rocks cut by §2 planes crop-out.in the
west side of the Slesse Creek Valley, about 2 miles south of. this.subarea.
Their position relative to the distribution of dated rock units..as.pres-
ently known, suggests they lie in the core of the McGuire Nappe. ..Further
mapping in the southern end of the Slesse Creek Valley and on.Border. Peak
is necessary before this is confirmed.

Volcanic rocks, largely 1avas, are exposed in the bd£t6m.of.thé north
end of the Slesse Creék Vailey. These volcanic rocks lie below..fine. clas-
tic rockS"which aré'stratigraphically below Pennsylvanian limestone exposed
on both sides of Slesse Creek Valley. The composition, degree. .of. alter-
ation,'and structural position of these voléanic rocks is identical to-that of
volcanic rocks of the Liumchen Nappe which structurally underlie fine ClaSrl
tic rocks stratigréphically below Pennsylvanian limestone to the south of
the peak of Mount McGuire. The volcanic rocks~expo§ed at the northern
end of Slesse Creek Valley are therefore believed to belong to the Liumchen
Nappe, and are exposed in a window or fenster in the McGuire Nappe (Plate 1,
Plate 2, section 4-4'). As the dip of the rocks immediately west of this
window 1is predominantly'to.the west, the présent exposure of these lavas
is believed to be partl} due to their position in the core of an antiform
related to the second period of deformation, which trends roughly parallel..
to Slesse.Creek (Plate 2, section D-D'). ’

Apart from this antiform, the present spatial distribution of these
‘rocks in this subarea is governed largely by structures formed during the

first period of deformation and the present topography.
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Subarea 4

Subarea 4 is bouﬁded on the west by Slesse Creek, on the north by
Chilliwack River and to the east and south by the limit of mapping. ...
(Plate 3).

The steép sides of Chilliwack Valley and the Slesse Creek.Valley,
respéctively on the north and west of this subarea, are underlain by. Pal-
aeozoic rocks, and the tips of the ridges by Mesozoic rocks (Figure 40).

‘Slaty cleavage (§g) is ubiquitous in fiﬁe—grained clastic rocks and
is parallel to the foliation of coarser clastic rocks; both generally

nearly parallel to bedding (S.). Crinkling and associated §5 cleavage and

0
kink bands are locally common.
Stereographic projection shows that mosﬁ poles ﬁo §O form a single .
maximum, corresponding to bedding orientation of strike 155° and dip 25°
to the southwest. A second, weak maximum, located in the northeast quad-
rangle, corresponds in relative position to a weak maximum developed in a
similar position in the projection from Subafea 3. Plots of Ll are located
in the northeast quadrant,:and thermajority trend about 060° and plunge
about 40°.
Stress axes for 22, as approximately determined from the intersection

of 8. (and §R) with S! are, Pmax trending 150° and horizontal, Pmin trend-

0 2
ing 140° and plunging at 70° and Pint at 320° and plunging 20°. The pos=—

ition of Pint indicates that the presence of two maxima of poles to §O in
the northeast, and southwest quadrants is due to 22,
Rocks in Subarea 4 largely belong to the McGuire Nappe; exceptions

are volcanic rocks of the underlying Liumchen Nappe which are exposed in



Figure 40: View of east side, north end, Slesse Creek Valley with Chilliwack Valley to left; most
of these rocks are part of the McGuire Nappe; exceptions are, rocks below the dashed line A, which
are Permian volcanic rocks of the Liumchen Nappe exposed in a window, and rocks above the dashed
line B, which are amphibolitic rocks on Mount Pierce. Contact between Mesozoic and underlying

Palaeozoic rocks in the McGuire Nappe is indicated by the dotted line ; with fairly continuous
cliffs of Permian limestone exposed not far below the contact.
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a window at the bottom of Slesse Creek and amphibolitic rocks.structurally
overlying Mesozoic rocks of the McGuire Nappe on Pierce Mountain. (Figure
40). Thickness of Palaeozoic rocks forming the McGuire Nappe .is about
2,000 feet; thickness of Mesozoic rocks in the McGuire Nappe is .about.
3,000 feet between the top of'the Palaeozoic rocks, and the overlying am-
phibolitic rocks.

The contact between Palaeozoic and Mesozoic rocks is higher on.the.

east side of Pierce Creek than the west side. As no local marked.change
of orientation of Ql structures has been found along this creek,..this dif-

ference in elevation is believed to be due to high-angle reverse. faulting

which occurred during 22 (Plate 2, Section D-D').
Subarea 5

Subarea 5 is bounded on the west by a line southward from the summit
of Mount Thurston, on the south by Chilliwack River, on the east by Chip-
munk Creek and to the north by the Mount Thurston-Mount Mercer ridge. .

Palaeozoic rocks occupy the southern;slopes, and Mésozoic'rocks,the
upper parts of Mounts Mercer and Thurston. |

Folds developed during Ql are readily recognized in many rocks in
this subarea.- On the southeast side of Mount Thurston, volcanic rocké
and cherts are interfolded with Permian 1imeétonen The thin bedded cherts
are locally deformed in tight, overturned, zig-zag, folds with planar limbs
and sharp, angular hinges (Figure 41), which are ‘in mérked contrast to the
far less regular deformation present in contiguous limestones. As the
cherts overlay the limestone prior to deformation, and so presumably had

the same initial orientation, and as both have been subjected to the same



Figure 41: Minor F, fold on southeast side of
Mount Thurston, in thin-bedded silicified tuff
and chert.
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metamorphic conditions, the differing styles of deformation are seemingly
due to the differing competancies of the cherts and limestonesm Else=
where, near-isoclinal recumbent folds, commonly of small size, .occur. in
cherts and argillites; a slaty cleavage (§$) is present in fine clastic
rocks; this is parallel to the penetrative foliation in contiguous codrse
clastic rocks shown in Figure 28.

Structures produced‘during 22 are well developed in the clastic rocks.
Gradations exist from crinkles aésociated with §é planes in fine~-grained
clastic rocks, to kink bands in the coarse clastic rocks. Planes which
contain kink bands are roughly parallel to §é planes in associated fine
clastic rocks. Chevron folds are present but do not appear to be as com-
mon as other structures produced during 22,

Projection of poles to §O shows a gscatter. A maximum is developed
corresponding to bedding with a strike of 120° and dip of 250 to the north-
east. Plots of Ll are present in both northeast and southwest quadr?nté ‘
and trend about 060°. Poles to §; are scattered, but are in the vicinity
of the maximum of poles to §O°

Stress axes, approximately determined from the intersection of §O,
(and the parallel §$) with §£ give the trend and plunge of Pmax as 2250
at 15°, of Pmin as 010° and 70°, and Pint as 130° and 15°. If it is as-
sumed that prior to 22, Ll.was horizontal, then the position of Pint for
22 relative to that of Ll and poles to §O on the projection, suggests .that

the position of Ll and poles to §O result from rotation of these struc-

tures about Pint for 22,

Rocks in Subarea 5 are part of the McGuire Nappe. Permian limestone

on the southeast side of Mount Thurston and northwest of the junction of
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Slesse Creek with Chilliwack River is deformed into a large recumbent. anti-
cline with tuffaceous clastic rocks in the core. Thig fold,. farmed during
Ql, has a northeast trending axis, and is the northeaéterly coﬁtinuation

of the recumbent. anticline outlined by Permian limestone on Mount. McGuire.
Digitations outlined by Permian limestone on the hinge of this.fold.on.
Mount Thurston interfinger with stratigraphically overlying cherts, .crystal
tuffs and minor argiilite; and the limestone itself is both overlain .and
underlain by lavas and crystél tuffs.

A second recumbent fold, agéin delineated_by Permian limestone, .is
visible on the south-siae-of Mount Mercer,vabout 2 miles east of the fold
on Mount Thurston and appears to be an additional recumbent structure
developed during Dl Which‘structurally overlies that fold on the south-
east éide of Mount Thurston. Mesozoic rocks, present to the south of the
saddle between Mounts Mercer énd Thurston thus seem to lie in a recumbent
syncline between the two recumbent anticlines formed of Permian rocks.
However, field relations befween rock units on the south side of Mount
Mercer and the present spatial distribution of rock units along the. trend
of these folds, on Mount_McGuirevto the southwest, and Chipmunk Creek. to
the northwest make this explanation‘improbable, The second recumbent fold
on Mount Mercer is believed to be the northeastward extension of the fold
on Mount Thurston, elevated to its present position during 22 and thus

simulating a second higher recumbent structure formed during D, which ap-

1
pears'to structurally overlie the northeast projection, along plunge, of the
fold on Mount Thurston (Figure 42, Plate 2, Sections 3-3', C-C'). The

nature of this displacement is not certain but is believed to be due to

faulting during an No predominant dip of bedding in a westward direction
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FIGURE 42: Relation between recumbent anticlines on
Mounts Mercer and Thurston
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has been seen on the southwest side of Mount Mercer, which would be. ex-
pected if folding was the mechanism. In addition, Mesozoic rocks which
lie in the apparent recumbent syncline noted above, structurally and.strat-
igraphically overlie Permian volcanic rocks on MountiThurston andware,in
contact with both Permian volcanic rocks and the stratigraphically lower
Permian limestone on Mount Mercer. The latter‘contact can only”he.ex7‘
plained by = fault between Mesozoic and Palaeozoicvrocks. De Sitter.
(1956, p.223) has discussed fhe association of chevron-~folding with.thrust- .
ing; In the map-area "chevron" or "oblique shear" type folds.are one man-
ifestation_of 22, and aé the spatial distribution of rocks associated . with
the probable fault suggests that it is a high~angle thrust with an east-
ward-dipping fault plane which strikes in a similar direction as Pint for
22, this faulting is believed.to have taken place during QZB The contin-
uation of this fault to the south may be responsible for the elevation
of Palaeozoic rocks on the east side of Pierce Creek above those on the

west described under Subarea 4.
Subarea 6

. Subarea 6 is the western part of Mount Thurston and Elk Mountain.
Its eastern 1limit is a line south from the summit of Mount Thurston, and
it 1s limited to the northeasfvand southwest by drift covered areas.

Permian volecanic rocks, mainly tuffs with minor flows and intercal-
ated limestones outcrop on the lower, southwestern slopes of Mount Thurs-
ton and Elk Mountain and are overlain by predominantly fine-grained clas-
tic rocks of Mesozoic age.

Slaty cleavage (§$), generally parallel toAbedding, is developed in


http://thrus.tr-

=134~

the fine clastic rocks of Mesozoic age on Mount Thurston and Elk Mountain,
and coarser clastic rocks in this sequence are foliated. Minor,EI folds
have not been-recognized in the volcanic rocks of this subarea,. but .are
present in overlying fine clastic rocks near the summit of Elk.Mountain.
Crinkles and chev;on folds® produced during 22 are present but are not.
common. The structural data which has been obtained is mainly. from.a few
widely scattered outcrops 6f‘Mesoioi§ rocks, and little data has been
obtained from the predominant, commonly massive, Permian volcanic rocks. -
The projection of poles to §O shows a spfead, in which bedding corresp;nd—
ing to the principal meximum, strikes due north and dips 15° east. Re-

corded L., lineations strike almost due east or northeast. Small conjugate

1
folds (Figure 29C) locally developed on the limbs of minor, upright F

1
folds (Figure 43) have an intermediate stress axis which trends 102O and
plunges 50, almost parallel to the axis of the earlier folds. These con-
jugate folds presumably result from the tightening of the earlier Elnfolds
along the game axis, under metamorphic conditions of lower grade than.those
at which the original folding took ﬁlace.

Rocks of this subarea are believed to be ﬁart of the Liumchen Nappe.
In both lithology and age the volcanic sequence, representing the Palaeo-
. zoic in this subarea, is far closer lithologically to the thick Permian
volecanic sequence. of the Liumchen Nappe than to the Pennsylvanian-Permian,
limestone, clastic rock and volcanic rock sequence of either the overlying
McGuire Nappe or the underlying autochthon. The differences between the
Permian volcanic rocks of this subarea and those of the Liumchen Nappe

are believed to be the result of facies changes. A transition takes place

from Liumchen Mountain and the west side of Mount McGuire, where the rocks



Figure 43: Upright F; fold with east trending, horizontal
axis in thin-bedded cherty argillites on Elk Mountain,
with still smaller F, fold on southern (right) limb. The
fold has been tightened by later deformation, producing
fracturing at hinge, and the small conjugate folds
(illustrated in Figure 29C) on the limbs. Minor flat-
lying shears are visible just above pens.
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are largely flows, through interbedded flows and quartz-bearing .crystal
tuffs on the north side of Mount McGuire and south side of Mount Thurston
to the predominant tuffs on Elk Mountain.

The lower contact of the Liumchen Nappe on the north side of Chilli-
wack River can only be located approximately, owing to lack of. exposure,
and is the northerly extension of the thfust-fault separating.Permian.
volcanic rocks'ffom underlying Mesozoic rocks on the northwest.side .of
Mount McGuireq Supporting evidence for existence of the thrust-fault. in
")..in.Meso-

1

zoic rocks on Elk Mountain; fine-grained clastic Mesozoic rocks. on.the

this subarea is provided by the présence of slaty cleavage (S

south side of Fraser Valley, west of Elk Mountein contain fracture cleav-
age, and underlie Permian volcanic rocks of this nappe.

The upper contact of this nappe is draQn below the lowest digitation
of Permian liﬁestone marking the hinge of the McGuire Nappe on the south-
east side of Mount Thurston, largely by analogy with the contact at the
base of this néppe south of the summit of Mount McGuire, 5 miles to the
southwest along the trend of the structure. This basal contact of the
McGuire Nappe descends the north side of Mount McGuire, crosses the Chilli-
wack River just west of its confluence with Slesse Creek and comes into |
contact with Mesozoic rocks south of the summit of Mount Thurston (Plate
1). It is to be emphasized that although the nose of the McGuire Nappe,
and the underlying Liumchen Nappe are visible in cross-section on the
southeast side of Mount Thurston, no Mesozoic rocks separate these struc-
tures, and there is no great difference in altitude between the upper part
of the McGuire Nappe as marked by the thin Permian volcanic sequence above

the Permian limestone, and the structurally underlying Permian volcanic
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rocks of the Liumchen Nappe (Plate 2, section 4-4'). As there. is.evidence
on Mouﬁt McGuire that a structural discontinuity does exist between.these
two proposed nappes, the absence of Mesozoic rocks between these struc-—
tures.can only be explained if the structural discontinuity between. the
nappes is a lag-fault. This explaﬁation is compatible with the presence
of Permian volcanic rocks of the Liumchen Nappe 5 miles northwest of the
hinge of the McGﬁire Nappé mérked by the Permian limestone on the south-

east side of Mount Thurston.
Subarea 7

Subarea 7 includes Foley Creek Valley, from its confluence with
Chilliwack Vailey to as far as Foley Lake, Mount Laughington and the di-
vide between Foley Creek and Chilliwack River.

Fine-grained Mesozoic rocks predominate in this subarea. They strat-
igraphically overlie Palaeozoic rocks in the western part of theimap—area,
and are overlain.by amphibolitic rocks.on top of the ridge between .Foley
Creek and Chilliwack River and on the east side of Airplane Creek near
Folgy Lake. Permian rocks overlie Mesozoic rocks on top of Mount Laugh-
ington. |

| The fine—gfained Mesozoic clastic rocks have well developed slaty
cleavage (§$) commonly nearly parallel tovb?dding (Figure 27), with Ll
produced by the intersection of these two surfaces. ' Although repeated.
invefsion of bedding suggests the bresence of folds in the sequence, only.
a few (El) folds have been seen. These aré near-isoclinal, recumbent. .
structures, whose axes plunge northeast, parallel to Ll lineations. (Coar-
ser Palaeozoic clastic rocks are foliated, the foliation being approxim-

ately parallel to §§ in the finer rocks. No structures have been observed
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in massive amphibolites in this subares.
Structures produced during D_. are well developed, and are predomin-

2
antly local, closely spaced crinkles (L}), and planar structures.(ﬁé)

v

assoclated with these.
Poles to §O are scattered and lie on a great circle, whose. pole .cor-

responds to the maximum concentration of L A maximum on this .gresatf..

1°
circle corresponds to bedding oriénted at strike 140o with dip4259 to.the
northeast. An isolated sécond concentration is present in the northeast
quadréngle, and 1is aﬁalogous in position to similarly isolated. concentra-
tions in projections for Subareas 3 and 4. Ll.lineations are scattered,,
but the average orientation of the greatest concentration trends OSO0 and‘
plunges 30°. Presumably the spread of poles along the great circle, cen-
tred on Ll is dug to the first period of deformation.

Intersections of §$ and §5 gives the approximate orientation of stress
axes for 22, with Pmax trending 2380, and plunging 60, If it is assumed
that El fold axes or Ll lineations Were'originally horizontal, then the
overall northeast dip of bedding, with a few beds dipping to the southwest
is believed to result from the rotation of §O_about Pint for Qza

Mesozoic and minor Permian rocks of the McGuire Nappe are overlain
in this subarea by ampbibblitic rocks and Permian rocks which presumably
belong to a higher tectonic unit. The Mesozoic rocks and minor Permian .
rocks ih Foley Creek Valley and in the sides of Mount Laughington are the
farthest known extension to the northeast of the McGuire Nappe. Permian4 ,
rocks on the summit of Mount Laughington, amphibolitic rocks in Airplane.
Creek Valley and on the ridge between Foley Creek and Chilliwack River

appear to occupy the same structural plane and thus to belong to the same
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tectonic unit, which structurally overlies the McGuire Nappe. . To.the
north, Palaeozoic rocks near the summit of Mount Cheam and Lady.Peak are
possibly part of this unit. The relationship between the Permian .rocks

on Mount Laughington, to amphibolitic rocks in Airplane Creek..is..not known,
although the latter are overlain by Palaeozoic rocks at the south end of
Chéam Range. Possibly the Palaeozoic rocks form a partial envelopemaréund
a core Qf amphibolitic»rock,' Further mapping is necessary to establish .
relaﬁions.and to determiﬁe Qhether'the emplacement of these rocks. above.
Mesogoic rocks of the McGuire Nappé is due to thrusting related.to D

1 %%

22'

Subarea 8

Subarea 8 includes the northwest side, summit, and south side of
Mount Cheam, Lady Peak, and the northern part of the Mount Laughington
ridge. The subarea is isolated as there is a paucity of exposures between
it and other subareas. | |

Palaeozoic volcanic rocks, limestones and clastic sedimentary rocks
crop-out on the northeast side of Mount Cheam. These are overlain by
Mesozoic rocks, which are in turn overlain by Palaeozoic rocks near the.
summit of Mount Cheafn°

Rare recumbent isoclinal El folds are Visibie in Palaeozolc rocks in
the northwest side of Mount Cheam. Slaty cleavage, commonly subparallel
to bedding, occurs in fine-grained clastic rocks, and coarser clastic rocks
are foliated. Chevron folds, joint drags and crinkles are present locally.

Projectioh of poles to bedding shows a lack of recognizable pattern,

apart from a general eastward dip of bedding. The few Ll lineations
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obtained have an average azimuth of 025O and plunge about 200..mNot‘enough
measurementsAof §é and §§ intersections have been made to determine the
orientation of 22 stress axes. However, the orientations of §2,and,L2
are not very different from that in the rest of the map-area; theﬂg2“stress
system is probably similar to that elsewhere.

The epatial distribution of Palaeozoic rocks exposed on the.south
side of Fraser Valley, 2 miles weet of Mount Cheam, suggests they form
part of a reoumbent fold° Permian limestone and minor volcanic. rocks..
exposed to the west of Mount Cheam at an.altitude of 4,000 feet. are over=-
lain stratigraphically by Mesozoic rocks, and themselves overlie a .sequence
of coarse to fine-grained clastic‘rocks, in part lithologically. similar to. ....
the upper clastic sequence elsewhere in the map-area. A bed of limestone
of possible Pennsylvaniah age is present in this clastic sequence. Still
1ower on the mountaiﬁ side, coarse-grained clastic rocks overlie probable
Permian limestone, which is strocturally above volcanic rocks exposed at.
the base of the ﬁountain, west of Bridal Falls. If these rocks do form a
recumbent fold, its relationship to other tectonic units in the map-area
is not known. ' Trend of Ll lineations in rocks forming this possible fold,
suggests that it was formed during 21'

It is proposed that the Palacozoic rocks on the west side of Mount
Cheam are part of the Liumchen Nappe, although this suggestion is to be
regarded as tentative. Volcanic rocks of the Liumchen Nappe on Elk Moun-
tain,\ere of similar lithology to those at the base of the west side of
Mount Cheam, 5 miles northeast of Elk Mountain. Rocks at both localities ..
are predominantly pale green, quartz-bearing erystal-vitric tuffs and sil-.

icified tuffs. Although exposures on the south side of Fraser Valley
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between Elk Mountain and Mount Cheam are extremely poor, a few scattered
outcrops of pale green silicified tuff near the valley floor. indicate.
that there is continuity between the two areas. if this is so, volcanic .
rocks at the base of Mount Cheam belong to the Liumchen Nappe.. In addi=.
tion, the Liumchen Nappe is the only one of the three lower nappes._in.
which Palaeozoic rocks are directly observed to extend as far.north.as,
Fraser Valley. As the tfend of the south side of Fraser Valley.between .
Elk Mountain and Mount Cheam is roughly parallel to the northeast-south-
-west trend of Dl structures in the mép—area, the Liumchen Nappe. could ex=
tend northeast from Elk Mountain to Mount Cheam, with no major .change of
trend. e :

On the other hand, in lithology, stratigraphy and strucéture, the
Palaeozoic sucbeésion on the west side of Mount Cheam, above the basal.. ..
volcanic rocks,; resembles that of the McGuire Nappe rather than the Lium-
chen Nappe. Furthermore, the contact between Permian and Mesozoic rocks.
at an altitude of 4,000 feet to the west of Mount Cheam can be traced
: almost 9ontinuously along Chipmunk Creek, as far as Chilliwack Valley,
where it appears as the Qontgct between Permian and Mesozoic rocks of the
McGuire Nappe. However, the structural continuity between rocks on Mount
Chéam and those of the McGuire Nappe in Chilliwack Valley may be more
apparent than real, as no marked break has been observed between rocks of .
the Liumchen Nappe‘and the McGuire Nappe where they are particularly well-
exposed on the southeast side of Mount Thurston. Also, the hinge of the
McGuire>Nappe-as dgiineéted by Permian limestone on'Mounts Thurston and
Mercer 1s at least 5'miles due south of any possible hinge as marked by

Permian limestone in the apparent recumbent fold on Mount Cheam. Assuming
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the rocks on Mount Cheam belong to the McGuire Nappe, then the anly .pos-
sible explaﬁation for such a discrepancy is that later deformation.was
responsible for a northwesterly translation of the hinge of the.recumbent.
fold, from a position it occupied on the northeasterly extensianmalong”f
strike of the McGuire Nappe, to its present position on Mount.Chean... .If
foldiﬁg were responsible for such a translation an! abrupt changevqf,trend
of Ll lineation would be expected in the area between Mounts. Thurston and
Mercer and Mount Cheam. No such change has been recorded; themrgneugi,'-
lineétiohs trend northeasterly with no marked change of directian. If
strike~slip faulting were responsible, lateral movement would have to be
considerable; no evidencé of such movement is evident from the map-pattern.
Therefore, available evidence suggests that the predominantly sedimentary
Palaeozoic succession above volcanic rocks on the west side of Mount Cheam,.“
can only belong to the Liumchen Nappe. If this is in fact so, a rapid.
facies change must occur from the predominantly volcanic sequence on Elk
Mountain to the predominantly sedimentary sequence on Mount Cheam. .

Evidence for a reverse fault related to 22 has been found in the wvi-
cinity of Pierce Creek, and in the saddle between Mounts Mercer and Thur-
stonﬁ(Plate 1); the northwesterly extension of this fault is believed to
be responsible for the elevation of Permian rocks cropping-out two and a
half miles east-northeast of Elk Mountain above contiguous Mesozoic rocks
_ﬁo the west. Major structures formed during Dl have a general plunge to .
the northeast in Chilliwack Valley. However, Permian rocks of the Liumchen.
Nappe cfop—out at an altitude of 3,000 feet on Elk Mountain; equivalent
Permian rocks of presumably the same tectonic unit are present to the north-.

east at an altitude of 4,000 feet on Mount Cheam. This apparent anomaly
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is believed to be due to faulting which has elevated Palaeozoic.rocks.

to the northeast above their western equivalents. Lithologiss.of_ .scat=
tered outcrops indicate that the trace of this fault crosses the ridge
2% miles east-northeast of Elk Mountain. If this is so, then.the fault
appears to be the northerly continuation of the reverse fault .present. .
further south in the map-area between Mounts Thurston and Mercer. As the
strike of the fault plane is approximately parallel to Pint for.Q2 as. .
determined from minor structures, it was possibly formed during;gz.”.m

Permian rocks crop-out above Mesozoic rocks near the sunnit .of Mount

Cheam and are present further south in Cheam Range. The structural rela-
tionship of these rocks to underlying rocks is not known at present; they
may lie above a thrust, and presumably belong to the same tectonic unit

as the Permian rocks overlying Mesozoic rocks on Mount Laughington, further

south in the map-area.

Structural history of the map-area

All recognized deformation in the map-area took place after deposi=
tion of Upper Jurassic rocks and prior to intrusion of the Chilliwack. .
'batholith,‘an event, dated radiométrically, which took place 18 million
years ago (Baadsgaard et al., 1961, p.697), in Miocene time (Kulp, 1961).
The same maiimum number of structural elements is developed in rocks rang-
ing in age from Early Pennsylvanian toiﬁate Jurassic. Earlier rocks are
not noticeably more metamorphosed than later ones, and incipient metamor-.
phism of the glaucophane-schist type is present in both Palaeozoic and
Mesozolc rocks. Stratiéraphic breaks between Permian and Triassic rocks,

and probably between Lower Pennsylvanian and Lower Permian rocks, are
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believed to result from uplift with no associated deformation,. non-deposi-
tion, and possibly erosion. Clastic rocks of known Early Pennsylvanian
to Late Jurassic age are derived from volcanic and sedimentary.rocks;..
there has been no deep erosion, with clastic detritus derived from. plu- f
tonic or high-grade metamorphic rocks, such as would be expected.to accom-
pany a major period of mountain building. |

Misch, working just south éf the map-area in northern Washingtoen,
has recognized two periods of post—Upper.Jurassic deformation.. According
to Misch, thrusting to the west hnd northwest took place along two.major
thrust faults in about mid—Cretacedus time in this region (Misch, 1960,
- Miller and Misch, 1963). The:1ldwer, Church Mountain thrust, corresponds'
in part to that thrust below the Liumchen Nappe of the writer, and was l
considered to carry Uppef[Paléeozoic rocks over Jurassic and Lower Cret-
_éceous rocks;zﬁﬂe upper, Shuksan thrust, brought low-grade metamorphic
rocks over Palaeozoic rocks; its northerly continuation in the map-area
may correspond to that contact mapped by the writer between amphibolitic
rocks and underlying Mesozoic rocks in the eastern part of the map-area...
Following this deformation, conpinental arkosic rocks of latest Cretaceous-.
Paleocene age were deposited in the region and subsequently folded into
moderately tight to open folds (Miller and Misch, 1963, p.167, p.171).
These rocks are overlain with angular unconformity by middle and/or upper
Eocene rocks of simiiar lithology, which have been subsequently warped
rather than folded (Miller and Misch, 1963, p.167, p.173).

The effects of two phases of deformation have been recognized by the
writer in Pennsylvanian to Jurassic rocks in the map-area. There is little .

doubt that the structures formed during the first phase,,Ql, partly corre-
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spond to the mid-Cretaceous thrust plates of Misch. The second.phase of
deformation, 22, took place prior to intrusion of the Miocene Chilligack
batholith, as unoriented biotite and cordierite porphyroblasts,.in .ther-
mally metamorphoéed rocks close to the contact, grow across minar .struc-
turés (§g planes) produced during Ds. Tﬁis dates 22 as pre-Miocene and
is the only way of obtaining & minimum age for both periods of.deforma-.

tion. Further work is necessary to demonstrate whether D, corresponds

2
to the early Eocene deformation of Miller and Misch. The following struc-
tural history of the map-area is tentatively éuggested.

Palaeozoic and Mesoczoic rocks were initially deformed into northeast .
trendiﬁg folds. During folding, slaty cleavage (§{) was developed 1n
rocks of appropriate composition towards the miadle of the orogenic belt,
and now in the McGuire Nappe, and fracture cleavage (§i) in rocks of simi-.
lar composition to the northwest, now forming the autochthon. Nothing.
has been observed to relate the incipient glaucophane-schist type meta-.
morphism preseht in both Palaeozoic and Mesozoic rocks in the map-area to
any period of deformation. Following Fyfe et al. (1958, p.177), this met-
amorphism may have resulted from the deep burial of sediments with high
water content in a region of low thermal gradient; in the map-area meta-
morphism of the glaucobhane—schist type therefore may have taken place
before or in the earliest stages of Dl deformation.

The cause of the northeast trend of Ql structures, which are oriented
nearly normal to the Cordilleran trend in the region, is not known. This.
northeast trend is extensive; Bowen (1914, p.112) reported northeast trends

from north of Fraser River, north of the map-area, and Moen (1962, plate 1) .

has shown this trend continuing for several miles southeast of the map-area.



~145-
Crickmay (1930a) suggested that this anomalous trend was due.to.the .geo-
synclinal accumulation being wrapped around the southern end of the ."Coast
Range Batholith." As granitic rocks were present north of the map-area

in Lower Cretaceous time (Crickmay, 1962), they may have acted as a but-
tress during mid-Cretaceous deformation and thus controlled this anomalous
trend. Alternatively, if Qi strgctures were formed in response to base-
ﬁent deformation, then possibly the orientation of these structures may.

be controlled by an old, pre-Devonian, northeasterly trend in the basement
rocks. Although the location of probable basement rocks at the southern
end of Slesse Creek suggests they lie in the core of the recumbent anti-
clinal structure which is the McGuire Nappe, aﬁd thus possibly controlled .
the formation of this nappe, further mapping is needed before the rela-
tionship of these basement rocks to the sedimentary rocks is known. Misch
(1962) .suggested that similar rocks, mapped south of the locality in Slesse
Creek, are part of a pre-Devonian basement complex, which moved up along
the root of his Shuksan thrust-fault, and became imbricated with Palaeo-
zoic rocks in the upper part of his Church Mountain thrust plate. ‘The
upper part of Misch's Church Mountain thrust plate seemingly is roughly
4equiva1ent to the McGuire Nappe.

As deformation continued, so the northeast-trending folds became
ovgrﬁurned to the northwest, thrustingitook place, and the Liumchen Nappe
and Mount McGuire Nappe were formed. Presumably these two nappes were
initially discréte folds, relicts of which are preserved as the recumbent
anticline on Mount McGuire, and the re;ﬁmbent antiéline in the possible
northeasterly extension of the Liumchen Nappe, to the west of Mount Cheam.

Rocks of the McGuire Nappe, closer to :the centre of the orogenic belt than
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rocks>of the Liumchen Nappe, were initially thrust over rocks. of. the.Lium-
chen Nappe, and became a recumbent anticline whose lower limb was partly
removed by thrust-faulting. With continuing deformation, the.greater com-
petancy of the thick volcanic sequeﬁce forming the Liumchen Nappe. resulted
in this underlying nappe being moved relatively further forward; .the.strucs-
tural discontinuity separating the Liumchen and McGuire Nappes..is.thus a
lag fault rather than a thrust. Thé postulated development of. these struc-
tures is shown in Figure‘ALD

Structures formed during Qz‘were then superimposed upon the earlier.

structures. Deformation during D_ is believed to be responsible. for. the.

2
common dip of bedding to the northeast at low to moderate angles,.. far..the
production of large-scale open folds such as the antiformal structure at
the north end of Slesse Creek, and for reverse faults with northeast-
dipping fault planes. The style of minor structures formed during this
period of deformation suggests they are the result of brittle deformatio&;
this contrasts with the folds produced during Qlo In addition, 22 planar
structures do not involve the reorganization of rock material necessary”

to produce the slaty cleavage formed during Dl in parts of the map-area.
Therefore, structures formed during 22 appear to have been formed at a
somewhat lower metamorphic grade than that extant during Dl in parts of the
map-area. This lowering of metamorphic grade indicates that there is some-

time difference between D. and D, structures.

1 2

The genetic relationship between Dl and 22 structures is not known.

If it 1s assumed that prior to Ql, bedding was horizontal, then the fold

axes of F. folds,(parallel to Ll), produced during Dy would be horizontal

1
and parallel to Pint for Ql. If thigs is so, then Pint for D

12 prior to Qé



- Permian volcanics
E Permian limestone
3 NW- SE sections
¢
A
N-W
2
'y
1

FIGURE 44:Postulated development of D, major structures

L




=147-

deformation appears to have coincided with Pmax for D_, and was.normal to

2
Pint for 22 (compare diagrams B and C, Plate 3). Orientation of Pint for

2

as indicated by the form and orientation of Ql structures. Similar.rela-

tionships, invariably developed in environments where thrusting is. impor-

D, appears to coincide with the direction of tectonic transport during.gl

tantyhave been discussed by other workers. Cloos (1946, pp.127-128) gave
examples of lineations and.folding normal to the regional trend, developed
in areas in which thrusting is impertant in Scotland and Scandinavia.
Kvale (1953) discussed linear structures and their relationship to move-
ment in the Caledonides of Western Europe, and concluded (p.6l) that where
compression and resultant fq}ding predomieate in orogenic belts, so axes
of the folds are perpendicular to the direction of compression and linea-
fions parallel to the fold axes; where overthrusting is the predominant
process, lineations and small gcale folds are formed parallel.to the dir-
ection of moye;ﬁent;° Johnson'(l956, 1957) described eonjugate and_mono—
clinie folderwith fold-axes perallel to the direction of movement on the
Moine Thrust. Style of these folds (Johnson, 1956, p.346, Text-fig.l,
1957, p.252, fig.5, in part) is directly comparable to that of minor folds
formed during.Qz‘in the Chilliwack Valley map-area. Johnson (1956, p.349)
considered_ihese'folds to be accomodation structures formed by stresses.
within the thrust zone during movement, and not a reflection of the dir-
ection of forces applied externally te the whole rock mass. However, as
these structures were produced concomitantly with thrusting, and as the.
22 structures in the map-anee appear to be later than 21 movements, they
do not appear tc be analiogous. There does not appear to be any direct

genetic relationship between 22 and D. structures in the map-area.

1
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1

Structures produced during D, may be the result of differential up-

2
lift of the Cascade Mountain system, which resulted in the earlier struc-
tures<slipping sideways with the production of antiforms, reverse. faults
and brittle type minor structures, as suggested in Figure 45. .The sense
of movement indicated by most of the "oblique shear™ type minor. folds is
to the southwest, and the reverse faulting attributed to 22 has. the. same
sense., The apparent symmetry'of these Q2 structures with respect to..Ql
structures may result from their orientation being in part controlled by
the earlier structures. As indicated éarlier, deformation of. this type
probably ceased befofe intrusion of the Chilliwack batholith. A compar-

ison of D, structures in the map-area, with those produced during the

2 .
early Eocene deformation of Miller and Misch (1963) might enable the

D, movements to be dated more precisely.

2
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CONCLUSIONS

Geological history of the map-area

Late Palaeozoic and Mesqzoic'history of tﬁis region is dominated by
migrating volcanic centres, whose proximity to the map-area havergomzernéd
to a large extent the type of déposition within i1t. No evidence. has been
found to demonstrate that any deformation took place in the map-ares be-
tween Early Pennsylvanian and Late Jurassic time, and the major.periocd . .
of deformation was in mid-Cretaceous time, subsequent to deposition of.
all rocks in the map-area.

The lithological similarity between some amphibolitic rocks exposed
in the eastern part of the map;area to Devénian rocks in the San Juan
Islands suggests they are of this age, and are thus basement rocks on
which all later rocks in the map-area were deposited. However, the strat-
igraphic relationship between these rocks in the map-area and the Palaeo-
zoic and Mesozoic rocks is not known.

The oldest rocks of reasonably certain age are predominantly fine-
grained clastic rocks of the lower clastic sequence, which were derived.
from a source area composed largely of volcanic rocks, and deposited in
part by turbidity currents, presumably in a marine basin.

Lower Penns?lvanian limestone, the Red Mountain Formation, was laid
down on top of this clastic sequence. It is locally gradational with the
underlying sequence and its presence as a discrete lithologically homo-
genous unit may be partly due to a cessation of clastic supply to the

basin, a trend indicated by the overall decrease in grain size towards


http://map.-area_.be-

-150-

the top of the underlying clastic sequence. Tﬁe limestone is.lacally.
shaly and preserved textures indicate that it was laid down in.a lou-._.
energy environment. As this limestone is regionally widespread,. occurring
in all tectonic units in the map-area and at several localities .in north-
ern Washington, its presencé is perhaps indicative of a period of tec=
tonic quiesence.

Clastic rocks of the upper clastic sequence were laid down on top of
the Red Mountain limestone. Initially, fine-grained clastic sediments.
accumulated to a depth of a few feet; these were succeeded by..coarse-.
grained unsorted sandstones, minor conglomerates and argillites, derived
largely from a volcanic terrane and deposited by sub-agqueous sliding and.
turbidity currents. This sediment supply was supplemented by sporadic
vulcanism outside of theimap—area, which contributed lithic and crystal
tuffs, particularly to the upper part of the sequence. The coarse nature

of sediments in the sequence is possibly the result of rapid uplift re-

lated to this vulcanism. A sparse, marine fauna was present in the basin. ..

of sedimentation. Fragmental plant matérial, found in rocks of this. se-
quence in the autochthon, demonstrates the presence of land in the region
at this time. The source area of this clastic sequence was large enough
to permit a primary transport history of sufficient length to enable cab-
bles to become roundéd, and stable enough to permit a flora to become es-
tablished. Age of this clastic sequence is not certain; it appears to
span Early Pennsylvanian to Early Permian time, as no stratigraphic breaks
are known.

By Early Permian time, a volcanic centre, represented by basic lavas

in the Liumchen Nappe, had migrated to the map-area. Permian limestone,
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now in the autochthon and Liumchen Mountain Nappe, was deposited. in a
low-energy environment northwest and southeast of the volcanic.centre, on
top of the upper clastic sequence. Transition between the underlying.coarse
clastic rocks laid down by turbidity flows and slides, and the:.overlying
limestone, takes place over a few feet, and is marked by fine.clastic ..
rocks and lithic tuffs. Possibly the sea floor was locally elevated.....
above the general basin level by the advent of vulcanism, to a position
still below wave base, but where it could no longer receive clastic sed=
iments carried by turbidity flows or slides.

Cessation of Permian limestone deposition may have been caused by
a change of magma froﬁ‘albasié one, which was relatively quietly extruded,.
to a more siliceous magma which resulted in pyroclastic activity, the
products of which blanketed the area of limestone deposition. Quartz-.
bearing crystal tuffs with minor flows overlie the Permian limestone;
these tuffs were probably deposited both directly, and also by sub-aqueous . ..
sliding and turbidity currents. The volcanic centre was possibly elevated
above sea level during this perilod of’pyroclastic activity.

Cessation of vulecanism resulted in erosion of this volcanic pile to
wave base, where it stood as an elevated area above the general level of
the sea floor, and was possibly surrounded by a low area in which sediments
were deposited by turbidity flows. By Late Triassic time this local high
no longer existed and fine clastic rocks were deposited by turbidity cur-
rents right across the map-area.

Deposition of rocks by turbidity currents continued from Late Tria-
ssic to Late Jurassic time acfoss much of the map-area, with no detected .. .

stratigraphic break. Rocks of Late Triassic and Early Jurassic age derived
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largely from pre-existing volcanic rocks, which apparently accumulated in
a trough or basin between volcanic highs then existing to the west.an..
Vancouver Island and to the northeast in the Interior of British .Columhia.
Volcanic centres were located just north and south of the map-area.in.

iddle Jurassic time, and one'méy be represented by flows of. passible ..
Middle Jurassic age in the northwestern meost part of the map-area.. In.
the eastern part of the map-area, sedimentation of the type.present in. .
the Early Jurassic continued until the Late Jurassic.

Sometime after deposition of the Upper Jurassic sediments, probably.
in mid-Cretaceous time, all of these rocks were strongly deformed. North-
east trending folds were initially produced and were overturned to the
northwest. With continuing deformation they developed into recumbent
structures and related thrusts. No evidence has been found to demonstrate
that minerals éharacteriétic of glaucophane-schist type metamorphism found
in certain rocks in the map area 1s related to this deformation and the.
metamorphism may merely be the result of deep burial prior to this period..
of deformation,

Following this first period of deformation these rocks were again
deformed. Structures produced trend northeast and may be the result of
movement to the southwest, caused by differential uplift of the Cascade
Mountain system.

Outside of the map-area, arkosic Late Cretaceous to Paleocene sed-. ..
iments of molasse-type were deposited, and sedimentation of this~type

has effectiveliy continued until the present day in the region.
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APPENDIX A

Choice of clastic sedimentary rock classification

Where the original composition of the clastic sedimentary rocks of
the Chilliwack Group and Cultus Formation can be'determined, then these
rocks are seen to consist mainly of fragments of volcanic rocks and plag-
ioclase feldspars. Quartz grains and fragments of sedimentary and meta-
morphic focks are rarely abundant aﬁdvcommonly absent. These clastic
rocks are quite variable in hue, generally being dark when volcanic frag-
ments predominate and light when feldspar fragments are more abundant.
Sorting is poor and rhythmically graded sequences are common. These.roc%s
present two problems, the first being one of nomenclature and classifica;
tion, and thelsecond, the difficulty of distinguishing some of themqfrbm;
true pyroclastic'deposits. ‘

Mosﬁ workers in the region (e.g. Misch, 1952, Danner, 1957, and Moen,
1961) have called these roCké'greywackes. The term "greywacke" has been
vériously defined by diffe;ent modern authorities and hasﬂﬁo universally
accepted meaning at present. According to Boswell (1960, p.154) the term
greywacke originally had a largely.textural connotation, although Naumann's
clagsical definition (1858, in Klein, 1963, p.571) included both composi-
tiohal and textural elements. If it is believed that a very general concept
of the term "greywacke" is sufficiently exact, then the clastic rocks of
the Chilliwack Group and Cultus Formation could well be called‘greywackes.
Their somewhat restricted compositional nature wou1d allow the term "grey-
wacke" to be qualified by the adjective "yolcanic" as is done by Edwards

(1947a) for rocks very similar in composiﬁion to these. Boswell (1960,
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p-154) suggested that the term greywacke should be abandoned completely,
or else given a precise connotation; aad Pettijohn, (1960, p.627) has
similarly recommended that the meaning should be restricted to be of any
value, and shouid'take into account the original or type material (re-
-cently'described;by'Helmhold, translated sy Van Houten, 1958).

Modern authorities have made two-fold attempts to obtain both a
universal sandstone classification and precision in definition. Modern
sandstone classifications usually include both the term "arkose™, class-
ically defined on the basis of mineralogical composition (Oriel, 1949),
and also "greywacke", in which, classically; texture is an important
factor, if not the main one. Therefore, in order to retain some semblance
~ of the original meaning of the terms "greywacke"and "arkose", these
classifications must be based on both textural properties and mineralogical
composition. Krynine (1948), Dapples, Krumbein and Sloss (1953) have
employed the concept of mineralogical composition paralleling textural
maturity in their classifications. Folk (1956, p.170) and Van Andel (1958,
p.745) have demonstrated that this is too simple an approach, and have
shown that as texture and mineralogical composition are strictly two
independent parameters, only one of these parameters can be chosen as a
basis for classification, and the.two cannot be combinedf

Two objections can be made to the choice of texture as a basis for
classification. One is demonstrated by the classification of Petﬁijohn
(1957) and Packham (1954) who placed primary emphasis on texture,. or
geneticvfactors interpreted largely from texture, but apparently found it
necessary to include the mineralogical classification as texture alone is

too imprecise a property on which to define a sandstone class. However,
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" the main objection to texture as a basis for classification is that raised
by Folk (1954, p.352) who states,

"Rock types, ----, must. be set up on the firm basis of

mineral composition, not on the insecure basis of clay

content of the sediment, which is a reflection largely

of the vicissitudes of the_local environment."
and both Folk (1954) and Van Andel (1958) base their classification soley
on.the mineralogical éompdéition,of the,rock. Gilberts' classification
(1954) has both.a textural and mineralogical basis, and the nomenclature
applied to the rock will.thﬁs partly_depend on "the\vicissitudes of the
local environment." -

For a complete description Folk (1954) proposes a tripartite nomen-
clature, wiﬁh a rock name derived from the mineralogical composition, and
separate terms for textural maturity aﬁd grain size. Klein (1963, p.572)
recommends that Folk's épproach to sandstone classification be .followed
but has also stated (1963, p.572) that the classical conceptions of the
various types will not be invalidated by this approach. This is_iﬁcorrect,
fhe_greywacke of Folk bging very different from the classical greywacke,
S0 different that possiblyithe term should not be used in the claséifir
cation and should be abandoned, as suggested by Boswell (1960, p.154).

The ternary diagram for mineral composition proposed by Folk. (1954,
 p.354).ahd extended by Folk (1961, p-111) is used in this report. The
three poles; each with their reépective ﬁineral and rock fragmentﬁgroups,
derived from source areas of igneous, sedimentary and metamorphic. rocks,
give rise, respectively,to arkoses, orthoquartzites and greywackes. Sed-
imeﬁts at the igneous pole are differentiated into "arkose™ deriwed from

plutonic (predominantly granitic) source rocks, which is close to the
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classical arkose, and volcanic of plagioclase arenites derived from.vol-
canic sources (Folk, 1961, p.117). Moen (1962, p.l4) has noted that grey-
wackes (composed iargely'of rock fragments) grade into arkoses (comﬁosea
largely of feldspars) in Chilliwack Group rocks southwest of the map-area.
All evidence indicates that- these rocks were derived from the same vol-
canic source-area, and the‘use>of Folk's classification thus avoids. the
necessity of using two terms,'classically.of very different meaning, for
genetically related rocks. Unfortunately, these volcanic arenites are
very susceptible to altération by diagenetic or metamorphic processes
and in many éases the exact composition cannot be determined; Identifi-
cation can then only:be méde by comparison with less altered but identi-
fiable rock, in the same sequence.

There may be considerable difficulfy in distinguishing these volcanic
arenites, derived from'pre-exiéting, but probably nearly contemporaneous
volcanic terranes, from true pyrbclastic rocks, particularly when the
pyfoclastié rocks have been deposited by submarine pybe1§stic flows. (Fiske,
1963, p.392). Hay (1952) considers that all reworked pyroclastié.material,
even though ﬁhe remakiﬁg may be essentially contemporaneous with deposition,
as is the case with submarine pyroclastic flows, should be designated vol-
canic sandstone. The opposite view is takén by Fisher (1961) who beliéves
all material moved prior to lithification; from its original place..of
deposition, should beucalled pyroclastic. Carozzi (1960, p.llZ) believes
shards or pumiceous fragments constitute‘direct proof of pyroclastic
origin, but these would tend to be readily removed by any sortingwprocesses,
and are easily destroyed by metamorphism.

Generally tuffs tend to be greener in colour than volcanic arenites



-163-
and the 1atter are commonly graded. In practice, there is probably little
chance of a tuff being recognized in a sequénce of volcanic arenites,
unless shards are found, and conversely, in a sequence of flows, mast
volcanic arenites would probably be called tuffs, even though shards. are

not seen.
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APPENDIX B

Fossil localities of the Chilliwack Valley Map-Area

Fossil localities are giﬁen.on Plate 1. The brief descriptions below
indicate 1ithology éf the fossiliferous rocks and their fossil content.
Most localities known are listed; others not listed occur in the immed-
iate §icinity of given locaiifiés, and caﬁ be found by tracing out the-
same horizon.

Locality 1: Argillites in side Qf'roéd dscending plateau south of the
settlement of Ryder Lake, altitude 100 feet.

Fosggils: Poorly preserved arnioceratid amﬁonite of Early Jurassic age;
similar specimens were collected earlier from this locaiity by J;E, Arm-
strong and H. Frebold.

At an altitude of 400 feet on the same road, just north of the first
road junction, unidentified clams are present in coarse clastic rocks in
roadside. \

Locality 2: Shalyw'limestone within dominant cherty argillites, on the
southwest side of Elk Mountain, altitude just over 4,000 feet.

Fossils: Aulacoceras cf. A. Garlottense Whiteaves, 1889, of Late Tri-
assic age, and two unidentified, poorly preserved ammonite genera.
Locality 3: Limestone, silicéous, on ridge top, 2% miles northwest of
Elk Mountain, altitude 4,860 feet.

Fossils: Rare, medium sized fusulinids, closely resembling the common
Schwagerina seen elsewhere, of Early Permian age.

Locality 4: Limestone, in side of loggiﬁg road on south side of ridge

mentioned in Locality 3, about 1 mile northwest of Locality 3, altitude
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4,000 feet.

Fossils: Large, recrystallized fusulinids, probably Parafusulina. of

Early Permian age.
Locality 5: Limestoné; in side of logging road, just north of saddle,
2% miles south of Bridal Falls, altitude 4,000 feet. ,

Fossils: Poorly preserved Parafusulina, and Pseudofusulinella of

Leonardian age; both well and poorly preserved, with large horn corals

(Dibunophyllum?) and crinoid éolumnals.

_ Locality 6: Limeétone, in side of, and below, logging road on top of
‘bluff, 1 mile southwest of settlement of Bridal Falls, altitﬁde 2,200 feet.
Fosgils: Small crinoid.columnéls; limestone float containing poorly
préserved fusulinids was found in the bed of the logging road, near this
locality.

Locality 7: Limestone, in creek, at end of old logging road, about 1 mile
southeast of Bridal Falls, altitude 1,650 feet.

Fossils: Abundant medium sized crinoid columnals.

Locality 8: Limestone, siliceous, interbedded with chert and jasper,

above logging rocad, about 2 miles south-southeast of Bridal Falls, .altitude
3,800 feet.

Fossils: Abundant, fairly well preserved, partly silicified, Para-

fusulina and Pseudofusulinella?, rhomboporoid bryozoans, and small.crinoid

columnals, of Leonardian age.
About 1 mile north of this locality, at an altitude of 3,200 feet,

limestones containing poorly preserved Parafusulina and small colonial

corals, are the northerly extension of the limestone at Locality 8.

Locality 9: Limestone on south.side of western ridge of Mount Cheam, just
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below ridge top, altitude 5,850 feet.

Fossils: Rare, poorly preserved, Parafusulina, of Leonardian age.

Locality 10: Limestone pod, on the west side of Lady Peak, altitude 6,250
feef.

Fossils: Smali.crinoid.columnalso.

Locality 11: Limestone, cherty, on ridge éf Mount Laughington, altitude

5,500 feet.

Fossils: _Poorly presefved, silicified Parafusulina, rare horn cbrals,
érinoid cblumnélg, of Leonardian age.

Locality 12: Limestone pod, on west side of Chipmunk Creek, altitude
1,90Q feet.

Fogsils: Medium sized,.recrystallized-fusulinids (Schwagerina?).of
Early Permian age. |

Locality 13: Limestdne, by logging road leading into Foley Creek.

Fossils: . Rare, recrystallized large fusulinids (Parafusulina?) of

Early Permian agé.

Locality 14: North side of\limestone knoll above Chilliwack River.
Fosgils: Medium sized to small crinoid columnals.

Locality 15: Talus, below limestone cliff on the southeast side of Mount
Mercer, altitude of 3,000 feet.

Fosgils: Abundant, medium sized Séhwagerina?, completely silicified
or recrystallized; of Early Permian age.

‘Locality 16: Shaly.~ base of limestone cliff, on the southeast side of

Mount Mercer, altitude 3,750 feet.

Fossils: Poorly preserved but identifiable Parafusulina, large horn

corals (Dibunophyllum?) and rhomboporoid bryozoans, of Leonardian age.
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Locality 17: Limestone, southeast of summit of Mount Mercer, altitude
4,600 feet. |
Fogsils: Partially silidified, poorly preserved horn corals, small
crinoid columnals, and récrystallized medium sized fusulinids‘(Schwagerina?)
of Early'Pérmian age.
Locality‘l8: Talus, below limestone cliff, and above o0ld logging road,
on south side of Mount Mercer, altitude 2,300 feet.
Fossils: Abundant silicified Schwagerina, large horn corals (Q;gggg—
phzllum?),'bfanrly Pefmian age.
Locality 19: Shales in side of logging road ascending to saddle between
Mounts Mercer and Thursﬁdn, altitude 4,000 feet.
Fosgils: Poorly preserved arnioceratid ammonite, identified by H.

Frebold as Melanhippites of Sinemurian age.

Locality 20: Limestone on north bank of Chilliwack River, just over 1 mile
east of the junction of the Chilliwack River with Slesse Creek..

" Fossils: Large crinoid stems.

Locality 21: Contact of limestone with underlying shales and volcanic
rocks, just nbrth of old logging road, and‘% mile northwest of the con-
fluence of Slesse Creek with the Chilliwack River, altitude 1,200.feet.

Fossilé: Parafusulina, Pseudofusulinella and rhomboporoid bryozoans,

of Leonardian age.

Locality 22: Volcanic arenites, tuffs? and shales below limestone cliffs,
above and to north of Locality 21, altitude 2,600 feet. |

Fossils: Molds of crinoid columnals, fenestellate bryozoans.
Locality 23: Limestone, on south side of Mount Thurston, altitude 2,300

feet.
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Fossils: Parafusulina, Pseudofusulinella of Leonardian age.

Locality 24: Limestone, in creek bed, altitude 2,300 feet.

Fossils: Parafusulina.

Locality 25: Beds‘of limy chert, within dominant thin bedded cherts, on

divide between two creeks, just above their junction, south side of.Mount

Thurston, altitude 1,850 feet.

Fossils: _ - Abundant, ﬁartly siliéified Parafusulina, rhomboporoid
bryozoans, small crinoid columnals, of Leonardian age.

Several other fossil iocalities containihg the same fauna, occur
in limestone in the vicinity of Localities 21, 23, 24, 25, but are not
listed, as they are readiiy loﬁatéd by tracing out the same horizon albng
the hillside.
Locality 26: Limestone,>argi11aceous and cherty, on the west side of
knoll; east side of Borden Creek, near its confluence with Chilliwack
River and immediately south of the main road in Chilliwack Valley,. altitude
850 feet. | | .

Fossils: Parafusulina, of Leonardian age.

Localitx 27: Limestone pods, on the east side of Pierce Creek, altitude
3,500 feet.

Fossils: Large, poorly preserved fusulinids, probably Parafusilina.

Lboalitz 28: In limestone talus, at base of large north-facing limestone
cliff, west side of Pierce Creek, altitude 3,600 feet.

Fossils: Silicified Schwagerina, of Early Permian age.

Locality 29: Argillites, in talus slope below north face of Mount McFarléne,
altitude 5,000 feet.

Fossils: Distorted clams, identified by J.A. Jeletzky as Buchia ex. gr.
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concentrica Sowerby, of Late Oxfordian-Early Kimmeridgian age.
Locality 30: Limestone, in creek on east side of Slesse Creek Valley,
altitude 1,740 feet.
Fosgils: Large crinoid stems.
Localitj 31: Liméstoﬁe, in creek bed on northeast side of Mount McGuire,
altitude 3,100 feet. | |
Foséiis: -.Large érinoid:cqlumnals.
Localitx 321 Limestdnés and clas%iC'sedimentary rocks in side of old
logging rqad, northeast side of Mount McGuire; altiiude 2,900 feet.
Fogsils: Large crinoid éolumnals in limestone; ﬁtefopods? in clastic
rocks in contact Qith the limestoné.b
Locality 33: Calcareous, badly weathered, clastic rock in side of old
logging road, northeast side of Mount McGuire, altitude 2,750 feet.
Fossils:  Bellerophontid gastropods, brachiopod fragments, pterdedS?
Locality 34: Limestoné float, below limestone cliff, north end of ridge
on east side of Borden Creek, altitude 4,000 feet.
Fossils: Poorly preserved Schwagerina, Early Permian age. Just below
this locality, fenestei}été%'bryozoans'and crinoid columnal molds. are
present in argillites. |
iocalitz»BB: Shaies in side of Borden Creek, altitude 3,450“feet.
Fossils: Molds of small criﬁoid columnals and ggnestellate bryozoans.
Loca}itx 36: Shaly horizon in limestone cliff, northw%st of Spencer Peak,
altitude about 5,000 fest.
Fossils: Brachiopod fragments, fenestellate bryozoans, crinoid colum-
nals, and endothyroid foraminifera of Lower Pennsylvanian? age.

Locality 37: Limestone, on ridge, northwest of Spencer Peak, altitude
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5,000 feet.
Fossils: Large crinoid columnals, of Lower Pennsylvanian? age,":. 
Locality 38: Limestone cliff southwest side of Spencer Peak, altitude
5,100 feet. | |
- Fossils:  Small horn corals; large crinoid columnals are present .in
bed below main.boay of limestone oﬁ north side of this peak; of Lower
Pennsylvanian? age. | v
Locality 39:'Liﬁes£oné cliff,vdue.north of Spencér Peak.
Fogsils: Large crinoid columnals; small horn corals‘in cliff on south-
west side; of Lower Pennsylvanian? age. |
Locality 40: Tuffacéous?, éhales on north side of ridge, below limestone.
Fossils: Orthoconic nautiloids, bellerophontid gastropods, pelecypods?,
pteropods?. - »
Locality 41: Limestone bed, in preaominant volcanic rocks, in creek. bed
on southwesf side ofIMounthcGuire; altitude 4,000 feet.

Fossils: Parafusulina of Leonardian age.

Locality 42: Limestone, due east of peak of Mount McGuire, and_jﬁst north-
west of saddle in central east-west ridge, altitude 5,100 feet.

Fossils: Small horn corals, tabulate corals (Michelinia), compound

corals, and brachiopods, the most abundant being Rhipidomella; all fossils
are silicified and preservation varies considerably; of Early Permian age.
Locality 43: Below cliff on the east side of the peak of Mount McGuire,

altitude 5,700 feet.

Fossils: Silicified, medium sized Schwagerina of Early Permian age.
Locality 44: Limestone, south side of north ridge of Mount McGuire,

altitude, 4,800 feet.
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Fossils: Crinoid columnals, coral Heritschioides, of Early Permian age.

Locality 45: Limestone, northwest ridge of Mount McGuire, altitude 5,000
feet.

Fossils: Silicified brachiopods.

" Locality 46: Rock composed of volcanic fragments in a calcareous mAtrix,

north side of north ridge of Mount McGuire, base of limestone cliff,.
altitude 4,800 feet.

Fossils: Pafafusulina, of Leonardian age.

Locality 47: Tuffaceous and agglomeratic limestone, bioclastic limestone,

at contact with infolded cherts, argilliteé and volcanic rocks, north of

peak of Mount McGuire, altitude 6,000 feet.

Fossilsg: Parafusulina, Pseudofusulinella, schwagerinid?, rhombopo-

roid bryozoans of Leonardian age. ‘

Locality 48: Shales,:shaly” limestone on ridge 1 mile north of the summit
of Liumchen Mountain. This is possibly the locality from which Daly
(1912, §,510) made his collections # 1512, 1514.

Fossils:_ Abundant brgchiopods, fenestellate and rhombopofoid bryo-
zoans, élams?° |

Localiﬁx 49: Limestone, capping knoll about 1% milés southwest of the

summit of Church Mountain.

Fossils: Fucqid~markings,.fusulinids Eostaffeila, Millerella collected
by W.R. Danner from this locality, and identified by Skinner; poorly
preserved corals, érinoid columnals, of Lower Pennsylvanian age.

Locality 50: Clastic roéks, on east side of knoll about 3/4 miles due

west of the summit of Church Mountain.

Fosgils: Fragments of Calamites, Lepidodendron, pteropod ?-like fossils.
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Locality 51: Tuffaceous limestone, base of limestone cliff on east side

of summit of Church Mountain.

Fossils: Parafusulina, Pseudofusulinella, large Schwagerina? and .

rhomboporoid bryozoans; Dibunophyllum? and crinoid columnals are present

in limestone cliff above this locality; of Leonardian age.

Locality 52: Shales, in side of logging road, northeast side of Church
Mountain, altitude 2,900 feet.

Fogsils: Pelecypods collected from this locality were identified by

G.E.G. Westermann as Halobia dilatata Kittl? of Norian age.

Locality 53: Shales, in side of old logging road, above and to east of
main logging road in Liumchen Creek.

Fossils: Hannaoceras nodifer (Hyatt and Smith), Discotfopites?,

Halobia? of Upper Karnian age.

-Just north of this locality,.above creek flowing northwestwards
into Liumchen Creek, belemnités, Atractites cf. A.drakei,small clams and
a gastropod were found in similar shales.

Locality 54: Coarse clastic rocks, in side of o0ld lbgging road above
fork in Liumchen Creek. |

Fossils: Plant fragments.

Locality 55: Tuff, in Liumchen Creek.

Fossils: - Belemnite, cf. Dictyoconites groenlandicus Fischer 1947, and

crinoid columnals; of Permian age.
Locality 56: Limestone, on east side of Liumchen Creek Valley.

Fossils: Parafusulina, Pseudofusulinella, of Leonardian age.

Locality 57: Limestone, in bed of Liumchen Creek.

Fossils: Large crinoid columnals.
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Locality 58: Limestone, in volcanic rocks on the south end of International
Ridge.

Fossils: Fusulinids, Parafusulina?, of Early Permian age.

;Localitz 59: Shales, in dominant volcanic arenite sequence, on north side
of north ridge of Mount McGuire, altitude 4,900 feet.

Fossils: Fenestellate bryozoans, small brachiopods, Hustedia?



PLATE 1: Geological map of Chilliwack Valley area
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PLATE 2: Geological cross-sections
of Chilliwack Valley area

LINES OF SECTIONS AND COLOUR KEY GIVEN ON PLATE 1

SECTIONS 1--1' 70 8--8" ARE ROUGHLY NORMAL TO THE
TREND OF STRUCTURES FORMED DURING 9_1

SECTIONS A==A’ TO D=-D’ ARE ROUGHLY PARALLEL TO

THE TREND OF STRUCTURES FORMED DURING D

| eavrs ResaTED 10 D) ——
FAULTS RELATED TO D, wom oo os

3
4 -
Scale
5
4
Thousands3
of feet (vert)
Miles : 2
g :
(horiz)

e " -
B A




