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Origin and stratigraphy of Pleistocene gravels in 
Dawson Range and suggestions for future 
exploration of gold placers, southwestern 
Cannacks map area, Yukon Territory 

Lionel E. Jackson, Jr. 

Terrain Sciences Division, Vancouver 

Jackson, LE. Jr., 1993: Origin and stratigraphy of Pleistocene gravels in Dawson Range and 
suggestions for future exploration of gold placers, southwestern Carmacks map area, Yukon 
Territory; in Current Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 1-10. 

Abstract: The Nansen-Big Creek placer district has been a centre of placer mining and prospecting in 
Dawson Range since the tum-of-the century. Placers occur in this region due to a lack of glaciation for 
more than 1 Ma and the presence of late Cretaceous granites and the subvolcanic Mount Nansen Group 
which are gold sources or induced mineralization in country rocks. Placers were created during stream 
degradation following the pre-Reid glaciations. Significant aggradation occurred along streams in the 
Dawson Range as a result of the Reid Glaciation. The subsequent McConnell Glaciation had a minimal 
affect on them by comparison. All streams that cross or drain late Cretaceous granites and the Mount Nansen 
Group and are beyond the limits of Reid Glaciation are prospective for gold placers. 

Resume: Le district alluvionnaire de Nansen-Big Creek est un centre d'exploitation miniere et de 
prospection de des gisements alluviaux (placers) dans Ie chalnon Dawson depuis Ie debut du siecle. II existe 
de tels gisements dans cette region en raison de I'absence de glaciations pendant plus de 1 Ma ainsi que de 
la presence de roches granitiques formees a la fin du Cretace et du Groupe de Mount Nansen, de caractere 
subvolcanique, tous deux des sources de mineraux auriferes ou responsables de la mineralisation en or de 
la roche encaissante. Les gisements alluviaux se sont formes au cours de I'abaissement du profil des cours 
d'eau, phenomene anterieur aux glaciations ayant precedees la glaciation de Reid. Cette demiere est a 
I'origine d'un important relevement du profil des cours d'eau dans Ie chalnon Dawson. La glaciation de 
McConnell ulterieure a eu, comparativement, peu d'effet sur les cours d'eau. Tous les cours d'eau qui 
traversent les roches granitiques formees a la fin du Cretace et les roches du Groupe de Mount Nansen, et 
qui se situent en dehors des limites de la glaciation de Reid, conviennent a la prospection des gisements 
alluviaux. 
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INTRODUCTION 

Placer gold prospecting and mining have been carried out in 
Dawson Range, central Yukon (Fig. 1) since 1898 (Bostock, 
1936). Prospecting and mining activity have centred in the 
areas of Victoria Creek and the main fork of Nansen Creek 
and Big Creek and its tributaries above Stoddart Creek 
(Fig. 1). This area will henceforth be referred to as the 
Nansen-Big Creek placer district. Regional surficial geology 
mapping and Quaternary stratigraphic investigations of the 
Carmacks map area (1151) were carried out from 1988 to 
1992 as a part of Geological Survey of Canada Project 800001 
"Quaternary geology and terrain inventory, east-central 
Yukon". This report presents observations on the origin of 
major gravel units within these placer districts and 
stratigraphic and paleoenvironmental information which 
sheds some light on the Quaternary history of them. 
Suggestions are made for the applications of these findings 
to the search for new placers within this region. 

SETTING 

Bedrock geology 

The Carmacks map area (1151) includes the Yukon 
Cataclastic and the Yukon Crystalline terranes and the 
Whitehorse Trough (Tempelman-Kluit, 1978; Fig. 2). The 
terranes are composed of Paleozoic to Jurassic sedimentary 
and volcanic rocks and their cataclastic equivalents which 
have been intruded by plutons of Triassic and Jurassic age. 
The Whitehorse Trough is a former fore-arc basin which 
received volcanolithic and arkosic clastics from late Triassic 
through mid-Jurassic times. These terranes were sutured 
during episodes of continental accretion during the Middle 
Jurassic to Late Cretaceous. Suturing was accompanied by 
the intrusion of biotite leucogranite, biotite hornblende 
granodiorite, and hornblende syenite plutons. The Late 
Cretaceous Mount Nansen Group consists of andesite, dacite, 
and rhyolite that were erupted in the southwestern quarter of 
the map area during or shortly after suturing. The extensive 
basalt flows and related volcanoclastic sediments of the 
Carmacks Group were erupted contemporaneously with the 
Mount Nansen Group over an eroded surface with local relief 
of up to 700 m (Tempelman-Kluit, 1974, 1980). 

Physiography 

The Nansen-Big Creek placer district lies entirely within the 
Yukon Plateaus (Mathews, 1986), a rolling upland with broad 
and generally accordant summits and ridges that typically lie 
below 1500 m. Relief is generally in the range of750 to 900 m 
(Fig. 1), although isolated peaks in the Dawson Range such 
as Tritop Peak, Victoria Mountain, and Klaza Mountain rise 
to more than 1820 m. Within the Carmacks map area (1151), 
Yukon Plateaus show no evidence of recent glaciation 
although scattered incised cirque-like valleys do occur near 
the summits of some of the highest peaks such as Prospector 
Mountain and Mt. Nansen. The rolling morphology of the 
contemporary Yukon Plateaus with higher mountain groups 
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rising above the generally accordant summits is inherited 
from a period when the region was eroded to a relative relief 
of less than about 550 m. Previous estimates of the age of this 
surface have ranged from Miocene to Eocene (Bostock, 1936; 
Tempelman-Kluit, 1980). Drainage patterns in Dawson 
Range, beyond the limit of the penultimate Reid Glaciation, 
are generally dendritic, trellis where major faults control 
stream courses, or recurved trellis where trunk streams follow 
the curvilinear boundaries of plutonic bodies or other 
nonlinear discontinuities in the bedrock. Drainage is 
disrupted in areas of thick bog, drift and sands of inactive 
dunes. 

The contemporary westerly flow of the Klaza River 
drainage network into Nisling River (Fig. 1,3) was preceded 
by flow to the south through the broad swampy valley 
presently occupied by Lonely Creek (Bostock, 1936, 1966; 
Hughes, 1990). It was diverted to its present course through 
glacially induced stream diversion and capture in the early 
Pleistocene (Bostock, 1966). 

QUATERNARY CONTEXT 

A chronology of four glaciations of Carmacks map area and 
adjacent areas of central and southern Yukon was constructed 
by Bostock (1966) based upon morphostratigraphic, 
stratigraphic, and geomorphic evidence. These were named 
Nansen (oldest), Klaza, Reid, and McConnell (youngest). 
Although till, outwash gravels, and erratics and ice marginal 
features up to 1250 m elevation associated with the two oldest 
glaciations were recognized by the present author and 
previous workers (Cairnes, 1914; Bostock, 1936) within the 
Nansen-Victoria and Big Creek placer districts, deposits of 
these glaciations have been largely removed by erosion or 
buried by colluvium. Consequently, discrimination between 
them is not usually possible. The informal name "pre-Reid 
glaciations" is used here in reference to these glaciations. 

Deposits of these two glaciations can be discriminated in 
the area of Fort Selkirk 80 km to the north of the Nansen-Big 
Creek placer districts. Basalts there erupted during the 
younger pre-Reid glaciation (Jackson et aI., 1990). Two K-Ar 
ages have been determined on these basalts: 1.08 ± 0.05 Ma 
(Naeser et aI., 1982) and 1.28 ± 0.03 Ma (GSC K-Ar 4168). 
These basalts are magnetically reversed (Jackson et a\., 1990) 
which corroborates that they were erupted prior to 0.78 Ma 
BP and are consistent with the time spans of reversed 
geomagnetism established in the geomagnetic polarity time 
scale (Mankin en and Dalrymple, 1979; Shackleton et a\., 
1990). The penultimate Reid Glaciation is thought to have 
occurred between about 80 and 130 ka BP (Jackson et a\., 
1991). During this event, the Cordilleran Ice Sheet pressed 
against the western and southern margins of the Dawson 
Range. Meltwater spilled into the Big Creek and NisJing 
River basins across divides as high as 1000 m on the west 
margin and south flowing streams were dammed at elevations 
up to 1000 m along the south. 

The McConnell Glaciation occurred between ca. 25 and 
12 ka BP (Jackson et a\., 1990). The Cordilleran Ice Sheet 
also pressed against the Dawson Range but its upper limit was 
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about 300 m below that of the Reid-age glacier. Meltwaters 
crossed the Dawson Range only between Crossing Creek and 
Nisling River (Fig_ 1). 

Late Tertiary and Quaternary weathering history of 
unglaciated areas of Yukon 

Analysis of fossil soils and fossil pollen from associated 
sediments indicates that the Yukon enjoyed a much milder 
climate until the onset of periodic glaciation in the Early 
Pleistocene (Tamocai and Valentine, 1989; Tarnocai and 
Schweger, 1991). The vegetation and soils existed in the Old 
Crow area (contemporary mean annual temperature and 
precipitation -10.1 °C and 214 mm, respectively) at that time 
which are presently found no farther north than central British 
Columbia (contemporary mean annual temperature and 

138 '00' 

precipitation 4°C and 550 mm, respectively; Drumke, 1964; 
Atmospheric Environment Service, 1982a,b; Tamocai and 
Schweger, 1991). The climate existing in the area of Dawson 
Range 6° of latitude farther south likely contrasted as 
dramatically with the present climate. Such a climate 
persisting over hundreds of thousands or millions of years 
almost certainly resulted in a deeply weathered mantle over 
the Dawson Range. The well known White Channel Gravel 
in the Klondike District (McConnell, 1905) was deposited 
during this period; the quartzose composition of this unit, 
from which its colour and name derive, reflects a climate 
warm and wet enough for chemical weathering to eliminate 
less chemically resistant lithologies (Boyle, 1979, p. 356). 

Following the pre-Reid glaciations, the climate returned 
to warmer and wetter conditions at least once. The Wounded 
Moose paleosol is commonly found developed in pre-Reid 
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Figure 2. Bedrock geology generalized and modified from Tempelman-Kluit (1979) using the 
chronologie information of Grond et al. (1984). The dashed line outlines the Nansen-Big Creek 
placer district. 



L.E. Jackson, Jr. 

outwash in central Yukon (Smith et aI., 1986; Tamocai and 
Schweger, 1991). It formed under a climate with a mean 
annual temperature of 7°C or greater and mean annual 
precipitation of more than 500 mm. A Wounded Moose 
paleosol, developed in pre-Reid gravels overlying till, was 
exposed beneath colluvial overburden along the valley side 
above Discovery Creek during exploratory trenching in 1989 
(UTM 3860006884000; A in Fig. 1) and has been observed 
elsewhere within the Nansen Creek basin (Lebarge, pers. 
comm., 1992). 

conditions during at least some of these glaciations were as 
severe as any contemporary climates. Wounded Moose soil 
and the pre-Reid outwash gravels are commonly cut by sand 
wedges, periglacial features presently forming in 
unglacierized areas of Antarctica (Pewe, 1959). 

The exposure of Wounded Moose soil examined in the 
Discovery Creek basin is cut by well formed sand wedges. 
Evidence for climatic conditions during at least one 
interglacial period comes from core 88 DDH 115 recovered 
by Archer-Cathro and Associates (1981) Ltd. above Pony 
Creek in the Victoria Creek basin in 1988 (UTM 382300 
6956000; B in Fig. 1). It intersected a pre-Reid meltwater 
channel filled with 21 m of sediment. Three zones indicative 
of soil forming activity were noted in lower 15 m of fill 
recovered in the core. Based on the intensity of weathering, 
the lowest soil was equivalent to the Wounded Moose soil. 

The temperate period during which the thick (> 1 m) and 
deep red Wounded Moose Paleosol developed was of an 
unknown duration. Between that time and the onset of the 
Reid Glaciation «ca. 1.2 Ma BP and ca. 80-130 ka BP), the 
climate likely alternated between glacial climates and one 
similar to the contemporary interglacial climate. Climatic 
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Pollen recovered from fine sediment associated with less well 
developed soils were indicative of climates similar or more 
severe than today's. These pedologic layers are separated by 
coarse and angular stony diamictons likely colluvium 
deposited through gelifluction when the margins of the 
meltwater channel were devoid of vegetation and edaphically 
unstable. 

MAJOR GRAVEL UNITS OF THE 
NANSEN-BIG CREEKS PLACER DISTRICTS 

Pre-Reid glaciation outwash 

The oldest gravels in the Nansen-Victoria and Big Creek 
placer Districts are outwash deposited during the waning 
stages of the last pre-Reid glaciation. One exposure of this 
gravel, previously mentioned in conjunction with the 
discussion on the Wounded Moose soil, has been noted on 
the valley side approximately 45 m above the floor of 
Discovery Creek (A in Fig. I) and elsewhere in the Nansen 
Creek basin (Lebarge, pers. comm., 1992). Gravels are 
discontinuously present along the north side of the Big Creek 
valley up to the divide with Bow Creek where former 
pre-Reid meltwater channels are apparent at approximately 
1100 m elevation. With few exceptions, these gravels and 
pre-Reid tills noted in the upper Nansen Creek and Klaza 
River basins only contain lithologies known to occur in 
Dawson Range and thus indicate that the glacial ice present 
in the upper parts of the Nansen Creek, Big Creek, and Klaza 
River basins originated from ice centres within Dawson 
Range. 

Reid outwash and Reid-age gravels graded to 
glacial impoundment 

During the Reid Glaciation, the Cordilleran ice sheet 
advanced into the glacier-ice-free Dawson Range from the 
west and south. This affected fluvial sedimentation in 
Dawson Range through climatic change, input of outwash, 
and base level changes. 

Climatic Change 

The glacial climate resulted in the uplands largely denuded 
of vegetation. Treeline was depressed more than 850 m in the 
central Yukon during McConnell Glaciation and the mean 
July temperature is estimated to have been ~ 5°C colder than 
the present (Matthews et ai., 1990). The Reid Glaciation was 
more severe than the McConnell so the effects of glaciation 
on the vegetative cover were even more pronounced. The 
resulting denudation made the weathered overburden, 
formerly stabilized by vegetation, available for erosion and 
transport, as well as sediment created by the intense physical 
weathering environment active during glaciation. This likely 
increased erosion rates and delivery of sediment to adjacent 
lowlands. 

L.E. Jackson, Jr. 

Outwash input 

Meltwaters from the ice sheet spilled across passes between 
Crossing Creek and Seymour Creek and down the unnamed 
creek which shares its divide with Merris and Hoochekoo 
creeks (Bostock, 1936) in the Big Creek basin and between 
Rowlinson Creek and upper reaches of Nisling River (Fig. 3) 
farther south. These meltwaters carried outwash gravels 
down Seymour and Big creeks and Nisling River. 

Base level changes 

Ice sheet encroachment into Dawson Range raised base levels 
of streams flowing out of the Dawson Range by 
impoundment and diversion of these streams along ice 
margins. Aggradation of as much as 20 m occurred along 
streams draining unglaciated basins such as Nansen Creek, 
Victoria Creek, Lonely Creek, and Klaza River. Basins that 
were dammed and also received outwash locally accumulated 
exceptionally thick deposits of gravel. A tongue of the 
CordilJeran Ice Sheet pressed up Big Creek to no more than 
15 km below the confluence of Big Creek and Seymour Creek 
and no less than 610 m elevation raising the base level 
approximately 150 m. Glacial ice apparently crossed the low 
(945 m) divide between Merrice and Hoochekoo creeks and 
the unnamed creek that joins Big Creek 5 km below Stoddart 
Creek (unnamed creek in Fig. 1 and 3). This glacial tongue 
or outwash sediment from it blocked Big Creek. These events 
caused up to 183 m of gravel to be deposited in the area of 
confluences of Seymour and Stoddart creeks with Big Creek. 
Terraces underlain by unweathered gravels at approximately 
823 m on the ridge separating Seymour and Stoddard Creeks 
near their confluences with Big Creek mark the top of this fill 
(area of UTM 382300 69134(0). 

Tributaries to Big Creek above the Seymour Creek 
confluence would have had to aggrade in response to this 
significant aggradation downstream. The approximately 
12 m of gravel and muck overlying a highly productive gold 
placer at Revenue Creek may have been deposited at this 
time. Nonfinite radiocarbon ages of >40000 years BP (GSC 
4935) and >38 000 years BP (GSC 4963) have been 
determined on wood from the top of the fill. Although these 
ages do not demonstrate clear linkage to aggradation during 
Reid Glaciation, they at least demonstrate that it predated 
McConnell Glaciation. 

Lithology and physical appearance allow easy 
discrimination between Reid outwash gravels and gravels 
deposited by streams that drained glacier-ice-free basins 
during Reid Glaciation. Outwash contains a significant 
content of lithologies external to the basin whereas nonglacial 
gravels have lithologies only occurring upstream. However, 
the most striking difference is in the physical appearance of 
the two. Outwash gravel typically is coarse, subangular to 
subrounded which maintains a similar planar stratified to 
massive facies for many kilometres beyond the glacial 
margin. The non-outwash gravels are angular to subangular 
and contain ventifacted clasts, commonly wind sculpted on 
several sides. Ice wedge pseudomorphs are also common in 
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these sediments. The non-outwash sediments display marked 
textural changes vertically between angular gravel and coarse 
sand and laterally with texture fining markedly downstream. 

The difference in physical appearance relates to 
depositional history. The alternation of coarse frost-shattered 
and ventifacted gravels and coarse sand in non-outwash 
appears to reflect episodic fluvial events during which coarse 
sediments were washed out of uplands into fans 'and braided 
streams environments. The periglacial climate and catabatic 
winds frost shattered and ventifaced clasts before they were 
buried by shifting channels or another flood event. In 
contrast, deposition and aggradation of outwash plains was 
rapid and periglacial modification of clasts relatively rare. 

McConnell Glaciation gravels 

Meltwaters from the Cordilleran Ice Sheet had minimal effect 
on the placer bearing basins of southwestern Carmacks sheet 
during the McConnell Glaciation. Meltwaters only crossed 
Dawson Range between Rowlinson and Nisling River and 
this served to truncate and incise gravels at the confluences 
of Victoria and Nansen creeks with Nisling River. Glacial ice 
did not extend far enough down Yukon River to block the 
mouth of Big Creek. Consequently, base level was not 
affected significantly in that basin. 

Probably the most significant effect of McConnell 
Glaciation was simply denudation of Dawson Range by the 
onslaught of a glacial climate. This likely resulted in 
enhanced rates of erosion and sedimentation. In addition, 
loess and sand driven by catabatic winds were deposited in 
fens and bogs forming muck deposits in valley and gulch 
bottoms. 

OBSERVATIONS ON ORIGIN 
OF GOLD PLACERS 

Bostock (1936) noted a close association between placer and 
lode gold and felsic intrusives in the Nansen Creek and Mt. 
Freegold areas. Subsequent investigations have corroborated 
his original observations. In Figure 4, existing placer 
operations are overlain upon bedrock geology generalized 
from Tempelman-Kluit (1978). All existing placer operations 
either overlie or are topographically downslope from 
Cretaceous age granites and granodiorites or their volcanic or 
subvolcanic equivalents, the Mount Nansen Group (Fig. 4). 
Placer gold in these districts either originated within these 
rocks or in mineralized zones where these rocks contact 
country rock. All of the placers in these districts have formed 
between the end of the pre-Reid glaciations and the Reid 

Figure 4. Superposition of present and past placer mines and 
distribution of Late Cretaceous granitics and Mount Nansen 
Group from Tempelman-Kluit (1979). HC - Hayes Creek, BC
Big Creek, SC - Seymour Creek, StC - Stoddart Creek, KR -
Klaza River, MC - Magpie Creek, NC - Nansen Creek, VC -
Victoria Creek, UN - unnamed creek. 

L.E. Jackson, Jr. 

Glaciation. If Tertiary weathering produced placers similar 
to the White Channel Gravel, they would have been 
incorporated in to pre-Reid glacial deposits. 

Placers in the Nansen-Big Creek districts are usually 
found resting on deeply weathered bedrock (e.g., Revenue 
Creek) or on cohesive bouldery clay-rich diamicton 
(e.g., W.D.P. Placers in upper Klaza River basin). The 
bouldery clay-rich diamictons are interpreted to be till or 
reworked till because of the presence of bullet- and 
flatiron-shaped striated boulders indicative of glacial action. 
It may be concluded, based on the position of the placers, that 
following the pre-Reid glaciations, streams in Dawson Range 
degraded their beds to bedrock or to clay-rich erosionally 
resistant glaciogenic diamicton. It was during this period of 
fluvial degradation that the placers were formed. Erosion 
through unknown but significant thicknesses of glacial 
sediments likely concentrated their gold contents as well as 
gold contributed by direct erosion of bedrock or erosion of 
the colluvial mantle. 

Placers along second and third order streams were 
eventually buried by Reid-age outwash and related 
aggradation. "Gulch" placers on higher and steeper first order 
streams were buried by angUlar, poorly sorted gravels 
(commonly with ventifacted clasts) delivered to the channel 
by creep of the colluvial mantle and progradation of small 
steep alluvial fans. This aggradation cannot be linked to any 
specific glaciation or interglaciation at present. Placers along 
Back Creek on the west side of the Victoria Creek basin 
(Fig. 1) are capped by such coarse angular gravels. 

SUGGESTIONS FOR FUTURE PROSPECTING 

Five recommendations may be made with respect to future 
placer prospecting in Dawson Range: 

1. The factors that led to the deposition of known gold 
placers in the Nansen-Big Creek placer district should 
also have been coincident elsewhere in the Dawson 
Range. Areas suggested for particular attention include 
drainage basins within or partly within the outcrop area 
of the Late Cretaceous granites and Mount Nansen Group 
(Fig. 4). 

2. Placers that may exist on some of the larger streams such 
as Big Creek and Lonely Creek may be buried under a 
considerable depth of valley fill due to extensive 
aggradation during the Reid Glaciation. Smaller steep 
first order tributaries in the upper parts of basins have the 
least overburden and are likely the most economically 
viable prospects. 

3. Exploration should be concentrated beyond the limit of 
the Reid Glaciation because glacial ice would have likely 
removed preexisting placers. 

4. Existing geological maps and the outcrop pattern shown 
in Figure 4 should only be regarded as guides because 
outcrops are sparse and colluvial mantles are thick in 
Dawson Range. Clasts of granitics or Mount Nansen 
Group lithologies present in stream gravels or in 
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colluvium (exclusive of areas that received Reid outwash) 
indicate that these potential gold source rocks are present 
within the basin whether or not they have been mapped 
and should be regarded as indicators of gold potential. 

5. Pre-Reid outwash may locally constitute low grade 
placers. Glacial erosion acted upon a weathered bedrock 
mantle relict from Tertiary climates. This mantle was 
likely locally enriched in gold which may have been 
further concentrated by glaciofluvial sorting. 
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Geology and structure of the Teslin suture zone and 
related rocks in parts of Laberge, Quiet Lake, and 
Teslin map areas, Yukon Territory 
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Cordilleran Division 

Stevens, RA. and Erdmer, P., 1993: Geology and structure of the Teslin suture zone and related 
rocks in parts of Laberge, Quiet Lake, and Teslin map areas, Yukon Territory; in Current 
Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 11-20. 

Abstract: This report outlines the geology of four areas mapped in 1992 and describes in detail the 
structure along one transect across the Teslin suture zone. Several units are recognized and include: 
hornblende::!:augite diorite or gabbro (Mhdg), conglomeratic grit of the Boswell Formation (PBs), felsic to 
mafic schist and gneiss, quartzite, metaplutonic rock, and pegmatite (PMv), meta-hornblende diorite or 
gabbro (PMhdg), biotite:!sillimanite:±muscovite schist and gneiss (Pn+?), and autochthonous North 
American rocks (NA ?). Along the transect seven structural domains are recognized. Each is characterized 
by distinct foliation and mineral lineation orientations. Structures along this transect record two deformation 
phases: an early penetrative ductile deformation, and late folding. Mapping along the margin of the suture 
zone shows that faults and undeformed volcanic rocks mark the western contact. 

Resume: Dans Ie present rapport, on esquisse la geologie de quatre secteurs cartographies en 1992, et 
I'on decrit en detailla structure Ie long d'un transect suivi de part et d'autre de la zone de suture de Teslin. 
Parmi les nombreuses unites reconnues, on remarque : une diorite ou un gabbro a hornblende augite (Mhdg), 
un gres grossier conglomeratique de la Formation de Boswell (PBs), un schiste et un gneiss felsiques a 
mafiques, un quartzite, des roches metaplutoniques et une pegmatite (PMv), une metadiorite ou un 
metagabbro a hornblende (PMhdg), un schiste et un gneiss a biotite:!sillimanite:±muscovite (Pn+?) et des 
roches autochtones, nord-americaines (NA ?). Le long du transect, ont ete identifies sept domaines 
structuraux. Chacun est caracterise par des orientations distinctes de la foliation et de la lineation minerale. 
Les structures observees Ie long de ce transect temoignent de deux phases de deformation : une deformation 
ductile initiale, de type penetratif, et un plissement tardif. La cartographie de la marge de la zone de suture 
montre que la presence de failles et de roches volcaniques non deformees caracterise Ie contact occidental. 

I Department of Geology, University of Alberta, # 1-26 Earth Sciences Building, Edmonton, Alberta T6G 2E3 
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INTRODUCTION 

The Teslin suture zone, a part of the Yukon-Tanana composite 
terrane (Kootenay terrane of Wheeler et aI., 1991) of southern 
Yukon and east-central Alaska, marks the fundamental 
boundary between deformed autochthonous North American 
rocks of the Omineca Belt to the east and accreted terranes of 
the Intermontane Belt to the west. It includes of a variety of 
S-, L-S, and L-tectonites derived from sedimentary, volcanic, 
and plutonic rocks metamorphosed under greenschist to 
amphibolite facies conditions (Stevens, 1991, 1992). Current 
models of formation of the suture zone hypothesize that its 
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rocks were the product of deformation within the deep-seated 
portion of a west-dipping Permo-Triassic subduction 
complex west of ancient North America. The rocks were 
subsequently thrust eastward onto North American strata in 
the Early Jurassic, and the Teslin suture zone is interpreted to 
represent the root zone to these obducted rocks (Hansen, 
1991, 1992; Tempelman-Kluit, 1979). 

Exposures of Teslin suture zone rocks studied for this 
project underlie parts of Laberge (NTS lOSE), Quiet Lake 
(NTS I 05F), and Teslin (NTS I 05C) map areas. The geology 
of part of all three map areas was described by Lees (1936). 
The Quiet Lake and Laberge map areas were mapped by 
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Figure 1. Location map, showing the part of the Teslin suture zone considered in this 
study (grey shading), the type of contacts that define the margins of the Teslin suture 
zone, the location of three structural transects described in Stevens (1992) (AA' and 88') 
or in this report (CC') and the location of four map areas (A-D) described in this report. 
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Tempelman-Kluit (1977, 1984) and the geology of the Teslin 
map area was described by Mulligan (1963). The Teslin map 
area is being remapped at 1 :50 000 and 1 :250 000 scales by 
the Geological Survey of Canada (Gordey, 1991, 1992). 
Teslin suture zone-related rocks in the southern half of the 
Teslin map area are the focus of a continuing study by Gareau 
(1992). 

This report outlines the geology of four areas (A-D) 
mapped in 1992 (see Fig. 2-6), and describes the structure 
along one transect (CC' on Fig. 1 and 4). Many of the units 
recognized in areas A-D were described by Stevens (1991, 
1992) (units PMs, PMm, PMgp, PMga, Kqm, KRM, and 
Mtqd) in adjacent areas and are not described in detail here. 
Unit ODN (see Stevens, 1992) is equivalent to unit PMgp in 
this report (see discussion). 

MAP AREA A 

Many of the units mapped in area A (Fig. 3) can be correlated 
with rocks to the south described by Stevens (1991, 1992) 
(units PMs, PMm and Kqm) or in this report (PMgr), and 
only brief descriptions of these are given below. Two new 
units (Mhdg, PBs) and one sub-unit (PMsm) are described 
in detail. 

Unit PMs rocks are muscovite- and quartz-rich schist with 
minor muscovite-bearing quartzite, calcareous schist, and 
marble. Garnetiferous schist occurs in the northern part of the 
area. Unit PMs rocks east of the Loon Lakes locally contain 
biotite and chlorite. Marble (PMm) outcrops in the northern. 
part of the area. Quartz-monzonite ofthe Quiet Lake Batholith 
(Tempelman-Kluit, 1977) (Kqm) outcrops along the western 
edge of the map area. Margin parallel foliation is developed 
within 200-300 m of the contact. Unit PMgr is medium to 
dark green chlorite-actino I ite greenstone and compositionally 
banded chlorite-actinolite-epidote schist. 

Schist (pMsm) 

. Brown to green weathering fine- to medium-grained chlorite
muscovite-actinolite-biotite quartzofeldspathic schist occurs 
in the central part of the area. Locally, medium grained phases 
suggest derivation from an intermediate plutonic rock. These 
rocks are grouped in subunit PMsm, because they are 
consistently more mafic (containing more chlorite+ 
actinolite+biotite than muscovite) and less schistose than 
other PMs rock. 

Hornblende±nugite diorite or gabbro (Mbdg) 

East of Loon Lakes occurs a 1 kro2 body of grey-green to 
slightly red weathering, massive, medium grained hornblende 
diorite to gabbro. Locally, the pluton is porphyritic, with up 
to 30% phenocrysts of medium- to coarse-grained hornblende 
and augite. The main mass ofrock and the matrix in porphy
ritic phases consist of approximately 40-60% hornblende, 
40-60% altered feldspar, and minor quartz. Hints of an 
igneous flow fabric are seen locally. The body includes 
screens of country rock (mostly quartzite and schist). The 
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intrusive relationship to metamorphic rock of unit PMs, the 
massive texture, local hints of flow banding and the 
abundance of hornblende are similar to unit Mtqd mapped in 
the Sawtooth Range (Stevens, 1992) (Fig. 4). Mhdg may thus 
be part of an intrusive suite that includes unit Mtqd . 

Boswell Formation (PBs) 

The Boswell Formation (PBs) (Tempelman-Kluit, 1984) 
west of Loon Lakes consists of black-weathering fine- to 
medium-grained, unmetamorphosed, conglomeratic grit with 
clasts of chert, black fine grained rock, and possible 
hornblende or augite grains. 

Regional faults 

Previous maps of the area show two large faults, the 
d'Abbadie fault (Hansen, 1989, 1991) and the Big Salmon 
fault (Tempelman-Kluit, 1984). The d' Abbadie fault was 
interpreted to trend north and separate the Teslin suture zone 
proper in the west from orthogneiss to the east that is 
structurally similar to rock of the Teslin suture zone proper 
but which has undergone a different cooling history (Hansen, 
1989). The Big Salmon fault was shown to trend northwest, 
3-4 km east of Loon Lakes (Fig. 3) and to separate Teslin 
suture zone rock in the east from unmetamorphosed 
allochthonous rocks of the Semenof Hills Block (including 
the Boswell Formation) to the west. 

Our mapping did not locate either of the faults in the 
proposed locations. In both cases the contacts are interpreted 
as fabric-parallel contacts within the Teslin suture zone 
(Fig. 3). We conclude that the d' Abbadie fault does not 
extend into the area as proposed by Hansen (1989, 1991), and 
that it terminates to the north or west. We also conclude that 
the Big Salmon fault is located farther west than interpreted 
by Tempelman-Kluit (1984), likely in the valley of the Loon 
Lakes separating unit PMs in the east from the Boswell 
Formation in the west. 

MAP AREA B 

Most of the units in map area B (Fig. 4) (PMs, PMgp, PMm, 
PMga, Kqm, KRM, Mtqd) were described by Stevens (1991, 
1992). A new description of unit PMgr (Stevens, 1992) is 
presented that encompasses the results of the new mapping, 
and two new units are defined (PMv and PMhdg). 

Mafic schist and greenstone (pMgr) 

The most common rock types ofthis unit are: medium to dark 
green foliated and locally lineated actinolite-chlorite
epidote±biotite:!:hornblende schist and greenstone; light to 
dark green, sheared, compositionally banded chlorite
epidote-actinolite±biotite quartzofeldspathic schist; medium 
to dark green, massive, locally porphyritic hornblende
actinolite-chlorite-epidote greenstone; and sheared amphibo
lite. Massive hornblende-bearing greenstone is confined to 
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Teslin suture zone units 

B Quartz-muscovite±chlorite±epidote± 
PMs biotite±amphibole±garnet schist to 

impure quartzite and quartzite 

r:.-:::=l Ch lorite-muscovite-actinol ite-
~biotite quartzofeldspathic schist 

I PMm I Marble 

I PMgr I Actinolite-chlorite-epidote±biotite± 
hornblende sch ist and greenstone 

IpMga I Metagabbro 

IPMgp I Graphitic phyllite 

~ 
Felsic to mafic schist and gneiss, 

PMv quartzite, meta-plutonic rock 
and pegmatite 

IPMhdgl Meta-hornblende diorite or gabbro 

I TSZ? I Rock correlated with the Teslin 
suture zone (map area 0) 

Autochthonous North 
American units? 

~ 
Biotite±sillimanite±muscovite schist, 

Pn+? gneiss and quartzite with sills and 
dykes of pegmatite and granitic rock 

~ Autochthonous North American 
~ strata? (map area 0) 

Other units 

Conglomeratic grit 
(Boswell Formation) 

Hornblende±augite diorite 
or gabbro 

I Mtqd I Hornblende tonalite to quartz diorite 

IK=l Biotite guartz monzonite 
~ (QLB - Quiet Lake Batholith) 

~ Oacite(?), quartz monzonite 
~ porphyry (Red Mountain) 

~ Open Creek Volcanics 

- - . Limit of outcrop or mapping 

- - - Contacts (defined, approx.) 

Figure 2. Legend for map areas A-O (Fig. 3-6). Teslin suture 
zone units consist of rock that shows the development of 
penetrative ductile deformation fabrics. Autochthonous North 
American units consist of rock tentatively correlated as 
deformed autochthonous North American strata. Other units 
consist of rock that lacks a foliation. 

14 

, - -
, , 
;, PBs ; 

'·pms 
\ 
\ 

" \ 

Area A 

PMsm 

I----i 
lkm 

Figure 3. Simplified geology of area A. 

Kqm(QL8) 
AreaB 

Figure 4. Simplified geology of area B. 



the area southeast of unit Mtqd (Fig. 4). Bands and pods of 
marble tens of metres across are common within the unit and 
several of these are shown on Figure 4. 

The rocks of this unit are likely derived from basaltic to 
andesitic flows and tuffs deposited in or near a shallow water 
environment where small carbonate reefs or banks formed. 
In addition, rocks of this unit are interleaved, with gabbro of 
unit PMga, along their contact and within unit PMga. This 
suggests that the two units are genetically related, especially 
since PMga gabbro is not interlayered with other units. 

Felsic to mafic schist and gneiss, quartzite, 
meta-plutonic rock and pegmatite (PMv) 

A range of rock types, interlayered at a scale of 10 cm to 
several hundred metres, comprise unit PMv. The most 
common members are: sheared quartzite and muscovite 
quartzite, quartz-muscovite schist, biotite-muscovite-quartz
amphibole::lgarnet schist and gneiss, biotite-amphibole
chlorite-epidote schist and gneiss, amphibolite, massive to 
sheared hornblende-bearing tonalite, quartz-diorite and 
diorite, and massive felsic pegmatite. Pegmatite occurs as thin 
apparently sheared wisps and bands and as massive dykes a 
few metres wide. 
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Figure 5. Simplified geology of area C. 
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The variety of rock types and their interlayering suggest 
that, prior to deformation and metamorphism, the assemblage 
consisted of sedimentary and possibly volcanic rocks 
intruded by dykes and small plugs of intermediate 
composition. 

Meta-hornblende diorite or gabbro (PMbdg) 

South of unit Mtqd (Fig. 4), is an area of moderately 
deformed to ultramylonitic So, L-S, and L-tectonites of dark 
green and white hornblende diorite or gabbro and amphibo
lite. Cutting these rocks are massive, felsic to mafic dykes 
including a feldspar porphyritic phase, hornblendite and 
hornblende diorite. Most of the mafic intrusions are likely 
related to unit Mtqd exposed to the north. Foliation surfaces 
generally strike northeast and dip southeast, an orientation 
uncommon elsewhere in the suture zone. 

Area D 
• 'NA?" 
~ '. 

," "-" ? ;' ~t': · : 44~ .,. 
I I. I · . · . I • 

• I 
I • 

~ / 
I . 

I 

TSZ? 
, , 

I I 

I , 

\. 471' 1 
I ~ . 

I 

" .... -

lkm 

---- Fault 

Antiform 

• 

. , 
" , 

• I 

132°45'; . 
. + 60°55'---

I 

Figure 6, Simplified geology of area D. 
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MAPAREAC 

Units PMgr and PMm outcrop south of Sydney Creek and 
east of Grayling Lake (see Stevens, 1992 and this report) 
(Fig. 5). 

Biotite±sillimanitdmuscovite schist, gneiss and 
quartzite with sills and dykes o/pegmatite and 
granitic rock (pn+?) 

North of Sydney Creek and south of the Quiet Lake Batholith 
(Fig. 5) occur brownish grey to red, medium grained 
biotite:±siIIimanite:!rnuscovite quartzofeldspathic schist to 
gneiss and red-weathering to strongly gossaned biotite-pyrite 
quartzite to quartz-schist. These are cut by and include 
generally massive sills and dykes of biotite-bearing quartz
monzonite and felsic pegmatite. Schist and gneiss are strongly 

N N 

1 (331 N 

3 
133°50' 

sheared L-S tectonites with mineral lineations defined by 
quartz rodding and by alignment of biotite and sillimanite. 
The strike of foliation surfaces varies and dips average 
between 10° to 20°. 

This unit is distinguished from other units by the presence 
of abundant sillimanite, local gneissic character, the abundant 
dykes and sills, and the subhorizontal foliation . Similar rocks 
in the Quiet Lake map area are included in unit Pn+, and are 
interpreted to be metamorphosed autochthonous rocks of the 
Omineca Belt (Tempelman-Kluit, 1977). 

Heterogenous meta-sedimentary, meta-tuffaceous 
and meta-volcanic rocks (pMs, PMgr) 

North of Sydney Creek and west of the unit described above 
is a unit of considerable lithological variability (Fig. 5). The 
main rock types are: quartzite, marble, quartz-chlorite± 
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Figure 7. Strip map for transect CC' showing rock types along the transect. Stereographic projection plot are for 
the seven structural domains recognized in this transect. The bold number represents the domain, the left stereonet 
shows poles to foliation and the right stereo net, mineral/stretching lineation orientations. Contours are densities 
expressed as multiples of a uniform density with contours at densities of 3, 6, 9, and 12. 



muscovite±actinolite schist, light to medium green, composi
tionally banded chlorite-epidote±actinolite-quartz schist, and 
actinolite-chlorite:!:hornblende greenstone. Green composi
tionally banded schist likely has tuffaceous parentage and 
greenstone volcanic parentage. Foliation surfaces have 
variable strikes, and dips between 20° and 35°. These rocks 
are interpreted as part of unit PMs possibly intercalated with 
unit PMgr. 

MAP AREA D 

North American rocks? (NA?) 

The northern and eastern parts of area D (Fig. 6) include 
carbonate (locally crinoidal), impure muscovite- and 
chlorite-bearing metasandstone to meta-arkose, minor 
interlayered graphitic phyllite, and biotite-chlorite±actinolite 
greenstone. Most areas show weak to moderate tectonic 
foliation, with local development of mylonitic fabric. Quartz 
microstructures show evidence of recrystallization and 
fracturing. At least one open antiform is present (see Fig. 6). 
Metamorphism locally reached biotite grade, but most rocks 
are not strongly metamorphosed or recrystallized. Rocks 
similar in composition, degree of metamorphism and state of 
deformation outcrop in the Thirtymile Range, to the southeast 
(S.P. Gordey, pers. comm., 1992). Recent mapping led 
Gordey (1992) to suggest that strata in the Thirtymile Range 
are of autochthonous North American affinity. 

Teslin suture zone rock? (fSZ?) 

To the south and west on Figure 6 occur red-brown to green 
weathering, locally compositionally banded biotite-epidote± 
actinolite greenstone or schist. In places, they are interbanded 
with quartz-muscovite±biotite schist to impure quartzite and 
in one place with quartz-muscovite graphitic schist. The rocks 
are mostly L-S tectonites with foliation surfaces that strike 
south to southeast and dip moderately southwest or northeast. 
One map-scale antiform is present (Fig. 6). Rock similar in 
composition, metamorphic grade and state of deformation 
outcrop west of the Nisutlin River and are interpreted to be 
part of the Teslin suture zone (Stevens, 1992). These rocks 
are tentatively correlated with the Teslin suture zone, (units 
PMgr and/or PMs). 

Strata in area D are folded and show widespread 
crenulations, cleavage, and at least two regional antiforms. 
Fold axes trend south and plunge 5-10°. Steep faults separate 
units NA? and TSZ? One fault trends north across the centre 
of the area and the second trends west-northwest along the top 
of the map area. Rock of unit NA? north of the second fault 
may have been uplifted and may represent in part, the type of 
strata that unit TSZ? to the south of the fault are resting on. 

R.A. Stevens and P. Erdmer 

STRUCTURAL TRANSECT 

One detailed structural transect was completed during the 
summer of 1992 (CC' on Fig. I). This transect complements 
two previous transects (Stevens, 1992) (AA' and BB' on Fig. I). 
The CC' transect comprises three segments totalling 15 km. 
Measurement stations located 150-250 m apart, resulted in 70 
stations across the transect. Oriented samples were collected 
at each station. 

Seven structural domains are recognized. Some are rock 
type independent, meaning that the boundaries of the domain 
are not controlled by a change in rock type. In other cases, a 
domain is confined to, and likely controlled by, a single rock 
type. Figure 7 is a strip map of the transect, with contoured 
stereoplots of fabric orientation for each domain. Fold axis 
measurements along this transect are summarized in a 
separate stereoplot (see Fig. 7). 

Domain} 

Moderately to strongly deformed Sand L-S tectonites with 
steeply southwest-dipping foliation and crenulation hinge 
lineations characterize this domain. A few mineral lineations 
occur near the · southern edge of the domain. A spaced 
(5-30 cm) crenulation cleavage has developed locally, which 
strikes roughly southeast and dips moderately southwest. 
These are late cleavage surfaces that cut earlier fabrics. Shear 
sense from the crenulation asymmetry between cleavage 
surfaces is hanging wall-up, or southwest face thrust to the 
northeast during folding (Bell and Johnson, 1992) (Fig. 8). 

The northern boundary of the domain is placed at the edge 
of the Quiet Lake Batholith. The southern boundary is a 
200-300 m wide zone where foliation surfaces switch from 
southwest to northeast dipping. 

Domain 2 

Strongly deformed to mylonitic L-S tectonites with steeply 
northeast dipping foliation and lineations defined by stretched 
and preferentially oriented minerals such as quartz, musco
vite, and chlorite characterize this domain. Crenulation and 
mesoscopic folds are developed together with a spaced 
(5-30 cm) cleavage that strikes west-northwest and dips 
moderately northeast. Crenulation asymmetry between 
cleavage surfaces indicates that the hanging wall moved down 
to the northeast. 

The southern boundary of the domain is marked by a 
change from muscovite- and quartz-rich schist to graphitic 
phyllite. 
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Figure 8. Shear sense from the crenulation asymmetry 
between cleavage surfaces is hanging wall-up. which for this 
figure means the southwest face was thrust to the northeast. 

Domain 3 

Moderately to strongly defonned Sand L-S tectonites of 
graphitic phyllite with moderately to steeply northeast 
dipping foliation and crenulation hinge lineations character
ize this domain. Mineral lineations are best developed north 
of Slate Mountain in siliceous and/or schistose graphitic 
phyllite. A crenulation cleavage is developed locally, with 
crenulation asymmetry indicating that the hanging wall 
moved down the northeast. 

The northern and southern boundaries of this domain are 
defined by the contacts of the graphitic phyllite unit. 

Domain 4 

Domain 4 is characterized by closed to tight folds with 
rounded to chevron hinges, wavelengths of 10-30 m and 
amplitudes of approximately 10-40 m. The folds occur in an 
area dom inated by strong L-S tecton ites of quartz
chlorite±muscovite schist within the graphitic phyllite unit of 
domain 3. Poles to foliation surfaces approximate a great 
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circle (Fig. 7) whose pole, oriented at 309/2, is the fold axis 
for the domain. This orientation is similar to the average 
orientation (311/9) for all fold axis measurements from the 
transect. Mineral/stretching I ineation orientations are 
variable, possibly due to folding of the tectonites. 

Domain 5 

Domain 5 includes two rocks types. Gabbro of unit PMga 
occurs to the north. The gabbro is massive to weakly 
defonned, with local discrete zones of high strain. L-S 
tectonites are developed in these zones and rarely elsewhere 
in the unit. Lineations are defined by aggregates of feldspar, 
pyroxene, and amphibole. The southern half of the domain 
includes a variety of interleaved schistose rocks of unit PMs. 
These are strongly defonned to mylonitic L-S tectonites. 
Lineations are defined by quartz rodding and alignment of 
elongate muscovite, biotite, amphibole, and quartz. Folding 
has not developed in this domain. 

The northern boundary coincides with the edge of unit 
PMgp and the southern boundary is the intrusive contact with 
unit Mtqd. 

Domain 6 

Moderately deformed to ultramylonitic So, L-S, and 
L-tectonites of unit PMhdg, with foliation surfaces that strike 
northeast and dip moderately to steeply southeast characterize 
domain 6. Mineral lineations, defined by elongate trains of 
feldspar or by grains of amphibole, show a fair degree of 
scatter. Outcrop-scale folds are present locally and may be 
responsible for the scatter in lineation orientations. 

The northern boundary of the domain is an intrusive 
contact with unit Mtqd, and the southern boundary is placed 
at an inferred fault, where the northeast-striking foliation 
surfaces change to west-northwest striking foliation surfaces. 

Domain 7 

Variably defonned rock of units PMhdg and PMv with 
northwest-striking and southwest-dipping foliation surfaces 
marks this domain. L-S tectonites and late folds are developed 
locally. 

The southern boundary of the domain is unconstrained. 

DISCUSSION 

Two defonnation events or phases of a single event are 
recorded in the Teslin suture zone (Fig. I). The first was a 
penetrative ductile defonnation event that produced mylonite 
and So, L-S, and L-tectonites under greenschist to lower 
amphibolite facies metamorphic conditions. The second was 
a folding event, under similar metamorphic conditions that 
produced widespread crenulation of earlier fabrics and 
development of a cleavage. 



The orientation of fabrics along CC' is characteristic of 
much of the Teslin suture zone considered in this study. For 
example early schistosity and mylonitic foliation generally 
strike northwest-southeast, and dip either northeast or 
southwest, and mineral lineations which form local orienta
tion clusters (Fig. 7) show a wide range of orientation between 
the clusters. In addition, second phase folding does not appear 
responsible for these variations, because attempts at rotating 
structures about common fold axes from the map area were 
unsuccessful in bringing structures from adjacent or similar 
domains into a common orientation. We believe that most of 
the variations in fabric orientations developed during the early 
ductile deformation. 

Strain partitioning throughout the map area is primarily 
controlled by rock type. Relatively incompetent rocks such as 
mica schist and graphitic phyllite are most highly deformed, 
followed by mafic and quartzofeldspathic schist and finally 
by metaplutonic rocks. The fabrics that develop are also 
controlled by rock type. For example, graphitic phyllite 
shows strong crenulation lineations but few mineral 
lineations, whereas schist, especially quartz rich varieties, 
shows strong development of mineral and fold lineations; 
metaplutonic rocks show little of either. 

A previously defined graphitic phyllite unit (ODN) 

(Stevens, 1991, 1992) is equivalent to unit PMgp in this 
report. This graphitic phyllite was correlated with the autoch
thonous Nasina Formation by Stevens (1991). Assignment of 
the graphitic phyllite to the Nasina facies (Stevens, 1991) is 
considered inappropriate because present mapping shows that 
it may be part of a single depositional sequence that includes 
rocks of unit PMs. Unit PMs is correlated with the Nisutlin 
Allochthon (Stevens, 1991). In the contact zone between 
PMs and PMgp, graphite first appears in unit PMs 400 to 
600 m from the contact, and within 100-200 m one of the main 
rock types is quartz-muscovite-graphite schist. South of the 
contact, muscovite-graphite schist is interlayered with 
graphitic phyllite over 100-200 m. This suggests that the 
contact was originally depositional and that the two units may 
result from different depositional environments or sources 

. within a continuous sedimentary sequence. 

REGIONAL EXTENT OF THE 
TESLIN SUTURE ZONE 

North of the study area (Fig. 1) the Teslin suture zone trends 
across the Laberge map area to the southern part of the Glenlyon 
map area (Tempelman-Kluit, 1979; Hansen 1989). Results 
presented by Stevens (1991, 1992) and in this repOIt show that 
the suture zone continues southward from Laberge map area to 
the Canol Road in central Teslin map area. South of the Canol 
Road, the distribution ofTeslin suture zone rock is unclear (see 
Gareau, 1992). The western margin ofthe suture zone in Figure 1 
is marked by faults or undeformed volcanic rocks. The Big 
Salmon fault marks the western contact in the northern part of 

R.A. Stevens and P. Erdmer 

the map area. It is masked to the south by volcanic rocks of 
unit UKo which overlie Teslin suture zone rocks. From the 
northwest comer of the Teslin map area (61 °OO'N, 134°00'W) to 
the Canol Road, the contact is a second fault (unnamed) (see 
Gordey, 1991). Volcanic rocks equivalentto the Hutshi or Lewes 
River groups in the Whitehorse map area (Wheeler, 1961) and 
siliceous clastic rock of the Whitehorse trough (unit 9 of 
Mulligan, 1963) were mapped west of this unnamed fault 
(Fig. I). North of the Canol Road, a massive biotite 
quartz-monzonite pluton cuts the fault. The location of the 
eastern margin of the suture zone is unclear. It may pass through 
map area D (Fig. 1 and Fig. 6) or, ifTeslin suture zone rocks in 
that map area are parts of klippen, the contact may lie farther 
west, possibly in the Nisutlin River valley. 
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Geodetic and geological observations from the 
1992 Mount Logan expedition, Yukon Territory 

Charlie F. Roots1 and Lisel D. Currie2 

Cordilleran Division 

Roots, c.F. and Currie, L.o. , 1993: Geodetic and geological observations/rom the 1992 Mount 
Logan expedition, Yukon Territory; in Current Research, Part A; Geological Survey o/Canada, 
Paper 93-1A,p. 21-26. 

Abstract: Mount Logan, the highest point in Canada, was climbed in 1992 and Global Positioning 
System (GPS) receivers were set up on the summit and at three monumented bedrock sites. GPS data were 
collected during two 4-hour observations and used to calculate the summit elevation of 5959 m. The GPS 
surveying equipment performed successfully in cold, high altitude conditions. 

The St. Elias Mountains have been rising for at least 25 Ma. The 3 km topographic relief at Mount 
Logan could allow derivation of cooling curves from which paleo-uplift rates might be inferred. Toward 
this end variably deformed granite to tonalite and undeformed tonalite were examined on the west side of 
the mountain. Most samples collected during the climb lack K-feldspar, precluding use of 40Ar_39 Ar 
geochronometry on K-feldspar to determine the local cooling history. 

Resume: L'ascension du mont Logan, point culminant du Canada, a ete effectuee en 1992. Des 
recepteurs de «Systeme de positionnement global» (GPS) ont ete installes au sommet et sur trois 
emplacements rocheux reperes. Les donnees GPS ont ete recueillies pendant deux leves de quatre heures, 
et utilisees pour calculer l'altitude du sommet, soit 5959 m. Le materiel GPS a fonctionne efficacement 
malgre les basses temperatures et la haute altitude. 

La chaine des monts St. Elias n' a cesse de se soulever depuis au moins 25 Ma. La denivellation de 3 km 
du mont Logan pourrait entrainer une derive des courbes de refroidissement a partir desquelles les vitesses 
de paleo-soulevement sont deduites. On a examine a ces fins du granite et de la tonalite plus ou moins 
deformes ainsi que de la tonalite non cteformee de la face ouest du massif. La plupart des echantillons ne 
contiennent pas de feldspaths potassiques, excluant ainsi I 'utilisation de la methode de datation 
radiometrique 40 Ar_39 Ar sur feldspath potassique pour determiner I 'histoire locale du refroidissement. 

1 Canada-Yukon Geoscience Office, P.O. Box 2073 (F3), 2099 - 2nd Avenue, Whitehorse, Yukon YIA 2C6 
2 Department of Earth Sciences, Carleton University and Ottawa-Carleton Geoscience Centre, Ottawa, 

Ontario K 1 S 5B6 
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INTRODUCTION 

Mount Logan lies in the heart of the St. Elias Mountains of 
southwestern Yukon_ These mountains lie on a convergent 
continental margin at the transition from a dominantly trans
current structural margin in southeast Alaska to the south, to 
one characterized by thrust faults and back-thrusts in southern 
Alaska to the west. The area has Neogene uplift and frequent 
seismicity (e.g., Eisbacher and Hopkins, 1977; Homer, 
1983). A fundamental tool for monitoring active movement 
is preci- sion surveying, but conventional land-based 
methods are hampered in the St. Elias region by difficult 
access, extremely rugged and unstable terrain, high altitude 
and frequent poor weather. 

One goal of the Logan '92 expedition was to test the 
feasibility of using the Global Positioning satellite System 
(GPS) for making precision measurements in the St. Elias 
Mountains by determining the elevation of the summit of 
Mount Logan. A second objective was to install survey 
monuments in secure bedrock from which re-measurement, 
years or decades hence, might reveal changes in elevation or 
position, depending on the rate of crustal deformation. In 
addition, plutonic rock samples were collected for studies of 
cooling and uplift at known elevations up the mountain. 

This climb, part of the commemoration of the 150th 
anniversary of the founding of the GSC as well as Canada's 
125th birthday, was sponsored by the Royal Canadian 
Geographic Society in partnership with the Geological 
Survey of Canada, the Geodetic Survey Division of Surveys, 
Mapping and Remote Sensing Sector, and the Canadian Parks 
Service. 

REGIONAL TECTONIC SETTING 

On the basis of reconnaissance mapping (Wheeler, 1963; 
MacKevett, 1978; Campbell and Dodds, 1982) and K-Ar 
dates for large plutonic bodies (Dodds and Campbell, 1988) 
the St. Elias Mountains are known to be northwest-trending 
slivers of Alexander, Chugach and Yakutat terranes (Fig. 1) 
as well as three elements of Wrangellia. These terranes have 
been juxtaposed along major, throughgoing fault systems and 
were accreted to the Coast Belt and rest of North America 
during late Mesozoic and Cenozoic eras (Dodds and 
Campbell, 1988). 

The Border Ranges Fault is a major terrane boundary 
exposed on the south side of Mount Logan. South of the fault 
are variably metamorphosed and deformed late Mesozoic, 
deep marine and flyschoid and basic volcanic rocks of the 
Chugach terrane. North of, and truncated by the Border 
Ranges Fault is a Late Jurassic hornblende-biotite quartz 
diorite, the Mount Logan batholith (ca. 153 Ma; Dodds and 
Campbell, 1988) of Wrangellia Terrane. The Eocene King 
Peak pluton (ca. 50 Ma; Dodds and Campbell, 1988) intrudes 
the Mount Logan batholith, the Chugach metasedimentary 
rocks and the Border Ranges Fault, thus limiting the age of 

22 

motion on the Border Ranges Fault to between 153 and 50 Ma 
ago. In southern Alaska motion on the Border Ranges Fault 
occurred between about 135 and 120 Ma ago (Pavlis, 1982). 

The Border Ranges Fault trends east-southeast and is 
interpreted to join with the dominantly transcurrent Fair
weather Fault in southeast Alaska. Dextral motion on the 
Fairweather Fault results from northwestward motion of the 
Pacific plate (5.8 cm annually; Lahr and Plafker, 1980). 
Because the faults curve westward in the St. Elias Mountains, 
oblique convergence results, and the Pacific plate is 
subducted beneath the Gulf of Alaska. Thrust faults near 
Mount St. Elias, 30 km south of Mount Logan, have north
side-up displacement (Campbell and Dodds, 1978). 

The pattern of uplift in the St. Elias Mountains is not 
understood. The area along the Fairweather Fault has risen 
perhaps 14 km in about the last Ma (Brew, 1990) and the 
shore of Yakutat Bay bears evidence of continued emergence. 
Parrish (1981) analyzed fission tracks in apatite collected at 
various elevations from the southeast side of Mount Logan 
and determined an uplift rate of 0.35 mm annually from 16-13 
Ma ago. The uplift may be a consequence of strain buildup 
along the transform boundary (Homer, 1990), plate conver
gence, or thermal expansion of the upper mantle. Whether 
the mountain belt is arching, tilting landward, rising on 
discrete thrust faults or deforming internally is unclear at 
present. 

The region has high seismicity, including four M>7.0 
earthquakes since 1899 (Homer, 1983). In this area a seismic 
monitoring network would help understand the strain rate 
variations associated with large earthquakes (R.B. Homer, 
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Figure 1. Terranes comprising the St. Elias Mountains 
(from Dodds and Campbell, 1988), showing location of 
Figure 2. 



pers. comm., 1991). A greater understanding of these data 
could come from time-averaged paleo-uplift rates inferred 
from cooling curves, analysis of micro-structures in rocks, or 
the study of structural patterns during regional mapping. 

EXPEDITION CHRONOLOGY 

Mount Logan is located 180 km southwest of Kluane Lake, 
Yukon. Access for mountaineers is provided by single-engine 
ski-equipped airplane from Kluane Lake. Although this plane 
has landed on snowfields as high as 5200 m, most climbing 
expeditions begin at about 3000 m elevation to allow gradual 
acclimatization by ascending slowly to the 5000 m plateau. 

The activities of the Royal Canadian Geographic Society 
expedition are reported by Schmidt (1992). Briefly, the 
13-person team left a base camp on the Quintino Sella Glacier 
(Fig. 2) on May 14, skied eastward up King Trench, then 
northward on snow slopes to the Logan Plateau (about 
5500 m), following the route of the 1925 first ascent. On June 
6th simultaneous GPS observations were made at four points: 
on Mount Logan's summit, at a monumented bedrock site 
near Prospector Peak, and at two geodetic survey control 
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points along the Alaska Highway. The two GPS receivers on 
the Mount Logan massif were then exchanged and the GPS 
survey was repeated on June 8. Weather remained stable 
while the expedition was above 5000 m, with winds 
5-25 km/hr, air temperature reaching -5°C in late afternoon 
and dipping to -38°C overnight. Upon return to base camp, 
GPS bedrock monuments were installed on Quintino Sella 
Glacier (600 37.0'N, 139°49.5'W; 2800 m) and on Mount 
Upton (600 46'N, 139°17'W) and all climbers flown back to 
Kluane Lake by June 17. 

GEOLOGICAL OBSERVATIONS 

Mount Logan is a massive snow- and ice-covered plateau: 
the area above 5000 m is over 18 km long and 5 km wide. 
With the exception of King Peak to the southwest, 
surrounding ridges are lower than 4000 m, and the precipitous 
sides of Mount Logan drop to valley glaciers at least 2 km 
below. The King Trench route provides the most gradual 
ascent of Mount Logan but affords only limited opportunities 
to examine rocks. Some exposed rocks are separated from 
glacier ice by a bergschrund and others cannot be approached 

Figure 2. Topography of Mount Logan showing climbing route (heavy dashes) and geological localities 
(numbered). Topography from Surveys and Mapping Branch, EMR, 115 C/9 and C/10, 1987; geology 
modified from Campbell and Dodds (1982). 
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due to avalanche hazard. The seven localities we examined 
(Fig. 2) are described below because they are only rarely 
visited by geologists. 

I. Quintino Sella Glacier: A ridge spur I km west of Base 
Camp (600 37,S'N 1400 41.0'W; 2850 m). A medium grained 
granite, mapped by Campbell and Dodds (1982) as King Peak 
pluton, (15% biotite, 35% quartz, 30% plagioclase and 20% 
K-feldspar) is locally sheared on discrete planes that are 
0.5-1 cm apart. Quartz and feldspar grains between the shear 
planes have undergone dynamic recrystallization and 
together with the biotite grains define a well-developed 
stretching lineation. 

The granite is intruded by foliated biotite feldspar 
porphyry dykes containing medium-grained feldspar (20%) 
and biotite (20%) in a fine grained mesocratic quartzo
feldspathic matrix. Foliation is defined by the preferred 
orientation of biotite and pressure shadows that have fOimed 
around some of the feldspar porphyroclasts. The well
developed fabric of the dykes indicate that shearing was 
concentrated in the dykes before they had completely cooled. 

The granite is also intruded by a medium grained garnet
biotite tonalite (2% gamet, 10% biotite, 25% quartz, 70% 
plagioclase) that is un deformed to very weakly foliated 
(possibly an igneous fabric). This rock is interpreted as an 
apophysis of the King Peak pluton. 

2. North side of King Trench (600 37'N 1400 41'W; 
3350 m). These cliffs consist of medium grained 
hornblende-biotite quartz diorite (10% hornblende, 15% 
biotite, 10% quartz, 65% feldspar) with a weak foliation . 
Dykes, including a vertical slab-like intrusion about 250 m 
long and some 20 m thick visible high in the cliffs 4 km north
west of King Peak, are beige-weathering, unfoliated tonalite. 
These rocks are interpreted as phases of King Peak pluton that 
were not widely separated in time. The intrusive contact 
between these rocks exhibits flow-folds and I cm chill 
margins (Fig. 3). 

Figure 3. Flow folds in chill margin of quartz diorite where 
intruded by tonalite of the King Peak pluton (locality 2). 
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3. Cliff-top facing southeast over Seward Glacier 
(600 36'N 1400 32'W; 5240 m). This outcrop is 500 m north 
of the Border Ranges Fault. It consists of unfoliated, medium 
grained biotite quartz diorite with 20% biotite ± chlorite, 10% 
quartz, 70% zoned plagioclase and no K-feldspar. 

4. Prospector Peak and northwest col, including the bed
rock GPS site at 600 36'N 1400 31'W; 5520 m; Fig. 4). Most 
of discontinuous outcrop in the col west of Prospector Peak 
is medium grained, slightly foliated hornblende quartz 
diorite. It contains slightly foliated chloritized biotite (15%) 
as well as 65% white and pink plagioclase and 20% quartz, 
typical of the Mount Logan batholith. Thin sections of this 
rock reveal intensely fractured quartz and dusky altered 
plagioclase. 

A low ridge extending west on the north side of the col 
1.5 km northwest of Prospector Peak exposes a dark-brown 
weathering pendant and crosscutting intrusive relationships 
(Fig. 5). The pendant and adjacent inclusions in the Mount 
Logan batholith are melanocratic gneiss composed of 
medium grained hornblende and fine grained quartz and 
feldspar. Some of the inclusions are folded; the feldspathic 
layers within them are bent parallel to margins of the 
inclusion. Enclosing granitic rock are not folded, indicating 
that the country rock was deformed before the pluton 
solidified . The banded inclusions may have had a 
sedimentary protolith. An area of schist, amphibolite and 
argillite of Paleozoic or Mesozoic age mapped by Campbell 
and Dodds (1982) about 8 km northwest of Prospector Peak 
may be equivalent to this pendant. 

White-weathering biotite tonalite dykes cut the horn
blende quartz diorite. The tonalite is medium- to coarse
grained, with 15% biotite ± chlorite, 35% plagioclase, 50% 
quartz. These dykes are likely apophyses of King Peak 
pluton. Both the quartz diorite and tonalite are extensively 
fractured by: I) north-trending micro-shears with a few 
centimetres offset, 2) epidote/quartz/muscovite pegmatite 
veins, and 3) quartzofeldspathic, flexion-textured veinlets. 

fa\ ,U 
~". 

Figure 4. View of Prospector Peak (right) and GPS bedrock 
site (knoll above left-hand figure) , looking north from about 
5200 m, during the approach by the climbing team. 



Figure 5. Sequence of intrusions at northwest col (locality 4). 
A biotite tonalite dyke (probably from the Eocene King Peak 
pluton) truncates hornblende-biotite quartz diorite (lower right) 
of Mount Logan batholith. Note the feldspathic chilled margin 
(bottom centre) and a younger quartz vein in the tonalite dyke. 
The dark host rock is a mafic gneiss pendant. 

5. Nunatak 2 km west of northwest col (600 37,S'N, 
1400 34'W, 5050 m). This 200 m wide knob consists of 
medium grained hornblende quartz monzonite typical of the 
Mount Logan batholith. At the north end of the outcrop is a 
10 m wide zone of shattered and altered monzonite with 
brown-weathering calcareous metasiltstone. Hornblende 
clusters in the fault zone have a moderately dipping, 
southwestern orientation. 

6. Nunatak ridge 2 km north of Mount Logan summit 
(600 35'N 1400 25'W; 5320 m). Light orange weathering, 
medium grained, unfoliated, porphyritic quartz diorite 
contains 15% translucent quartz grains (2 x 3 mm), 70% white 
plagioclase to 1 mm; 5% pink subrounded phenocrysts of 
K-feldspar(?) to 2 cm; 10% chloritized biotite to 1 mm and 
lesser hornblende. In this rock the quartz is not fractured but 
intergrowths along rims of grains are visible in thin section. 

7. South side of Mount Logan summit (600 34.4'N 
1400 24,S'W; 5940 m). The highest exposed rock in Canada 
is a medium grained biotite tonalite (15% biotite, 30% quartz 
and 55% zoned plagioclase) with a weak igneous(?) foliation 
defined by aligned biotite. It is exposed 20 m below the 
ice-covered summit, at the top of the Hummingbird Ridge. 

DISCUSSION 

Plutonic rocks and paleo-uplift rates 

The granite at locality 1 displays evidence of ductile 
deformation (shear bands and dynamic recrystallization of 
quartz and feldspar). Granitic intrusions are noted in the map 
legend of Campbell and Dodds (1982; their unit KVm) with 
Cretaceous and(?) older metasedimentary rocks, but the age 
of this granite is unknown. Brittle-ductile deformation of 
these rocks may be related to movement on the Border 
Ranges Fault (see below). 

C.F. Roots and L.D. Currie 

Rocks of the Mount Logan batholith were found at 
localities 3-7. They have undergone extensive brittle 
deformation only in the northwest col area. All these rocks 
contained chloritized biotite unsuitable for K-Ar dating, but 
fresh hornblende is present at locality 6. 

Undeformed tonalite correlated with King Peak pluton is 
exposed at localities 1 and 2, as well as dykes at locality 4. 
The age of the quartz diorite at locality 2 is unknown if it is 
not a phase of King Peak pluton earlier than the tonalite. 

The lack of K-feldspar in most samples prohibits use of 
40Ar_39Ar geochronometry on K-feldspar to determine a 
cooling history and therefore an uplift history for this area. 
The East Ridge of Mount Logan is an alternate climbing route 
that has granitic rock exposed over significant topographic 
relief. If samples from that area contain K-feldspar, it may be 
possible to use 40 Ar_39 Ar on K-feldspar to augment the 
apatite fission track study by Parrish (1981). 

Border Ranges Fault 

The Border Ranges Fault was early recognized as a major 
terrane boundary (MacKevett and Plafker, 1974) but has 
recently received increased attention as the fundamental 
break between a late Mesozoic subduction complex (which 
includes Chugach Terrane) and older crystalline rocks 
(Pavlis, 1982). The nature of this fault in Yukon needs further 
study. Unlike most faults in the western Elias Mountains 
which lie beneath broad valley glaciers, the Border Ranges 
Fault is easily traced. It is spectacularly exposed on the south 
face of Mount Logan (see cover of Current Research, GSC 
Paper 92-1A), although it was inaccessible where crossed by 
our expedition. It is possible that the sheer south face of 
Mount Logan was formed from juxtaposition of resistant 
Mount Logan plutonic rock against the crumbling, recessive 
metasedimentary rocks along the Border Ranges Fault. 

It is unclear whether the Border Ranges Fault was a 
transcurrent fault that was later deformed, a north-dipping 
thrust, or a combination of several movements. Fifteen 
kilometres east of Mount Logan summit, black shale and 
Cretaceous conglomerate outcrops (R.B. Campbell, pers. 
comm., 1992) are mapped as a northward re-entrant on the 
Border Ranges Fault (Campbell and Dodds, 1982). 
Alternatively these rocks could lie atop Wrangellia terrane or 
be shoved northward on a splay of the Border Ranges or 
Hubbard faults. 

The alignment of the elongate, lobate King Peak pluton 
with the Border Ranges Fault suggests that it intruded a 
weakened zone. About 350 km west of Mount Logan, 
tonalite-trondhjemite complexes along the Border Ranges 
Fault are interpreted as crustal melt injections during ductile 
thrusting (Pavlis et aI., 1988). Although no folded dykes or 
boudins were observed in the King Trench area, the presence 
of protomylonitic granite indicates that some plutonism may 
have been synchronous with fault movement. Coexisting 
brittle- and ductile-deformed phases may be present in other 
Eocene Seward Plutonic Suite (Dodds and Campbell, 1988) 
intrusions adjacent to the Border Ranges Fault in north
western British Columbia. 
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Using GPSjor geoscience studies in the 
St. Elias Mountains 

This expedition demonstrated the capability of GPS for 
providing precise positions of remote places. The data 
collected on Mount Logan and at the two survey control 
points, combined with data from permanent GPS tracker 
sites, were processed at Surveys, Mapping and Remote 
Sensing Sector (EMR) in Ottawa and the elevation of the 
summit above mean sea-level was computed at 5959 ± 3 m at 
the 95% confidence level (Y. Mireault, pers. comm., 1992). 
Although the vertical precision of the GPS technique is better 
than 3 m, the geoid-ellipsoidal separation for this region was 
modelled with an accuracy of about 3 m (M. Verroneaut, pers. 
comm., 1992). The accuracy of the elevation will be 
improved once additional gravity values are obtained in the 
St. Elias Mountains. The generally accepted elevation (5956 
m on map 115C/9, McArthur Pk., Edition 1, 1987, Surveys 
and Map- ping Branch, EMR) is within the error range of the 
GPS value. 

The monitoring of crustal deformation does not require 
computation of mean sea-level, thereby eliminating the need 
to determine the geoid. For this work the results of surveys 
using GPS-derived co-ordinates can be directly compared. 

GPS is a highly portable (the receiver, antenna and battery 
units used by the expedition weighed about 15 kg), all
weather survey system that can make regional crustal defor
mation studies cost-efficient. Furthermore, because GPS 
does not rely upon line-of-sight survey points, there is much 
greater flexibility in designing arrays for strain monitoring. 
As the full GPS satellite constellation becomes operational, 
the limitations on times of observation experienced in 1992 
will be minimized, if not eliminated (M. Schmidt, pers. 
comm., 1992). With care during initial planning almost any 
area with a clear overhead view can be surveyed using GPS 
when the system is fully deployed. 

A considerable problem for any precision survey in the 
St. Elias Mountains, including GPS, is the paucity of stable 
rock sites that are both accessible and not covered by snow 
and ice during most of the short summer. The extent of frost 
heave on flat outcrops, and the likelihood of creep and other 
mass movements in areas of high relief poses a significant 
risk to the stability of long-term survey sites. We observed 
that most bedrock surfaces along our route, even intact 
surfaces 8 m by 10 m across, had been frost-heaved. Because 
changes in azimuth and vertical angle are critical to crustal 
deformation studies, a GPS station in such terrain might 
necessarily consist of clusters of surveyed markers. If one or 
more markers shifted before the subsequent re-survey, a 
change in the local array would allow them to be recognized. 
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Character of upper Paleozoic strata and plutons, 
lower Forrest Kerr Creek area, northwestern 
British Columbia 
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Gunning, MR, 1993: Character o/upper Paleozoic strata and plutons, lower Forrest Kerr Creek 
area, northwestern British Columbia; in Current Research, Part A; Geological Survey o/Canada, 
Paper 93-1A, p. 27-36. 

Abstract: Upper Paleozoic strata and late Paleozoic plutons are in the lower Forrest Kerr Creek region 
of the Iskut River map area. Black chert, siliceous shale and thin-bedded ash tuff occur with recrystallized 
limestone of Early to Middle Devonian age. Foliated basalt sheet flow, flow breccia, and minor grey lapilli 
tuff, ash tuff, and phyllite east of the Devonian rocks are no younger than Permian. A heterogeneous, 
Mississippian or older pluton of granite, quartz monzodiorite, and hornblende diorite intrudes Devonian 
and younger strata. Triassic strata are faulted against the upper Paleozoic rocks to the east. 

Strata and plutonic apophyses are folded and faulted . Prominent north-trending structural grain is from 
bedding, mineral foliation, and minor folds with subvertical axial planes. North-trending structures are 
deformed by north-vergent minor folds that plunge moderately east, and larger scale anti forms with 
subvertical northeast-trending axial traces. North-trending, subvertical faults are post-Late Triassic. 

Resume: Des strates du PaleOZOIque superieur et des plutons dates de la fin du PaleozoIque apparaissent 
dans la partie inferieure de la region de Forrest Kerr Creek, situee dans Ie secteur cartographique d'lskut 
River. Un chert noir, un shale siliceux et une cinerite finement litee accompagnent un calcaire recristallise 
date du Devonien precoce a moyen. Des coulees de basaltes en nappes, d'aspect feuillete, des breches de 
coulee de lave, et de petites quantites de conglomerat volcanique gris a lapilli, de cinerites et de phyllites a 
l'est des roches devoniennes sont d'age anterieur au Permien, ou meme plus anciennes. Un pluton 
heterogene, d'age mississippien ou plus vieux, compose de granite, de monzodiorite quartzique et de diorite 
a hornblende, penetre des strates devoniennes et plus jeunes. Les strates triasiques sont faillees au contact 
des roches de la partie superieure du PaleozoIque a l' est. 

Les strates et les apophyses plutoniques sont plissees et faillees . Des structures bien visibles de direction 
generale nord correspondent a la stratification, a une foliation minerale, et a des plis subverticaux mineurs. 
Les structures de direction genera Ie nord sont deformees par des plis mineurs de vergence nord qui plongent 
moderement vers i'est, et par des antiformes de plus grande envergure caracterisees par des traces axiales 
subverticales de direction generale nord-est. Des failles subverticales de direction generale nord se sont 
formees a une epoque posterieure au Trias tardif. 

I Department of Geo)ogy, University of West em Ontario, London, Ontario N6A 587 
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INTRODUCTION 

The oldest dated rocks and plutons in Stikinia are northwest 
of the junction of Forrest Kerr Creek and the Iskut River near 
the east margin of the Coast Belt (Fig. I). The aim of this 
report is to define time-stratigraphic successions by rock type, 
age and structural style, to characterize phases and contacts 
of a heterogeneous Mississippian or older pluton (Logan et 
aI., 1990a), and to provide lithological correlation to 
well-dated middle Paleozoic rocks elsewhere in the region. 
A thin but laterally extensive limestone unit assigned Early to 
Middle Devonian age (Read et aI., 1989; Anderson, 1989; 
Logan et aI., 1990a,b; Brown et ai., 199 I) is in the middle of 
the study area. Description of rocks and structures is in con
text with map units and structures in Figures 2 and 3 respec
tively. This work forms part ofa PhD thesis on the character 
and evolution of the Stikine assemblage in the Iskut River 
region, and builds on previous work by Read et al. (1989) and 
Logan et al. (I 990b). 

STRATIFIED ROCKS 

General statement 

Paleozoic strata in the "Henry Lake" area are disrupted by 
folds, faults, and plutonic rocks. Planar lamination, layering 
of dark and light grey spar and rare fracture cleavage in 
well-dated Devonian limestone strikes north to northwest and 
are generally inclined steeply to the west. Foliated metavol
canic rocks and thin-bedded chert and shale are generally 
concordant with limestone, but there is no representative 
stratigraphic section because strata are tightly folded through
out the area. 

There are few dated rocks in the area. Isolated lenses of 
sparry limestone within metavolcanic rocks east of, and 
structurally below, Devonian limestone contain Early 

Figure 1. Location of study area. 
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Permian conodonts (Read et aI., 1989; Fig. 2). Thin-bedded 
sedimentary rocks and foliated metavolcanic rocks of units a 
to g could be a stratigraphically continuous succession of 
Devonian to Permian age because: I. There is no evidence for 
a thrust fault at the base of the Devonian limestone because 
chert and tuff are tightly folded with limestone at the east and 
west margin of the limestone throughout the study area; 
2. Metavolcanic strata in gradational contact with Devonian 
sedimentary rocks are similar to metavolcanic strata that 
contain lenses of Permian limestone; and 3. There is no sedi
mentological or biostratigraphic evidence of an unconformity 
within the deformed succession offoliated metavolcanic and 
metasedimentary strata. 

Units a to c 

A belt of folded and recrystallized limestone (unit a), and 
lesser interbedded chert and siltstone (unit b) occur in four 
separate areas in a north-trending belt about 4.5 km long and 
up to 500 m wide north of "Henry Lake". Structural thickness 
of thin-bedded metasedimentary rocks is about 50 m in the 
south part of the belt and about 400 m in the north part. 
Thin-bedded sericitic ash tuff and lesser varicoloured chert 
structurally underlie limestone everywhere. The west margin 
ofthe belt is defined by gran ite and diorite and is characterized 
by infolded black chert, limestone, and aplitic apophyses. 

Dark grey to black limy mudstone with local planar 
lamination, even-textured I ight grey and pale brown to orange 
sparry limestone, and layered white and light grey 
recrystallized limestone are unit a. Dark grey limestone is 
generally fissile and argillaceous. Near pluton margins there 
are disharmonically folded bands of milky white calcite in 
pale grey spar. Fracture cleavage is rare, and there are 
irregular blebs, bands, and mesh of pale brown silica in 
scattered vertically restricted intervals. Small silicified 
colonial corals and ductilely deformed echinoderm ossicles 
are in restricted intervals away from pluton margins. 

Thin-bedded shale, chert, siltstone, and ash tuff is 
intercalated with, and structurally above and below the 
limestone. Varicoloured chert and siliceous and graphitic 
shale of unit b is in coherent 2-5 cm thick ribbons separated 
by a warped fracture parting. Symmetric minor folds with 
rounded hinges are abundant. Pale green, white, and dull to 
dark green ash tuffofunit c is generally in internally massive, 
laterally continuous 2-5 em thick tabular and warped beds 
separated by a sericitic fracture parting. Some outcrops are 
thick non-bedded successions with pervasive but diffuse, 
lenticular compositional laminae and sericite foliation. Tuff 
is dense, sil iceous and aphanitic. Vertically restricted 
dissem inations of euhedra of pyrite 3-7 mm in size are in some 
outcrops. 

Age 

Coral and microfossil collections are mainly near "Henry 
Lake" (Fig. 2, 4, Table 1). Conodonts in unit a are assigned 
Early and Middle Devonian age and there are no 
demonstrable time-transgressive trends. 
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Ullits d to g 

Ash tuff, foliated basalt and chlorite schist are intercalated at 
the contact between units c and d. Units d to g are a hetero
geneous mafic metavolcanic succession with characteristic 
thin but laterally continuous intervals of pale green ash tuff, 
siliceous phyllite and lesser pale grey lapilli tuff. Unit f is 
massive and foliated, aphanitic, feldspar-porphyritic and 
feldspar glomerocrystic basalt and lesser amygdaloidal basalt; 
basalt sheet flows are the most abundant rock type in the area. 
Beige feldspar phenocrysts are generally less than 3 mm in 
size and glomerocrysts are globular and radiating clusters of 
2 to 4 crystals (Fig. Sa). Boundaries of individual cooling 
units are generally overprinted by chlorite mineral foliation. 
Dark green chlorite lines fracture in foliated basalt and defines 
a penetrative mineral foliation in chlorite schist in unit d. 

Figure 4. View north at the east margin of the "Henry Lake" 
pluton that is outlined by a solid white line. Numbers refer to 
fossil localities in Figure 2 and Table 1. 
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Figure 5. (a) Feldspar glomerocrystic basalt ·sheet flows of 
unit f, and (b) agglutinate texture characteristic of monomictic 
basalt flow breccia of unit e. Basaltic flows are the most 
abundant rock type in metavolcanic strata east and south of 
Devonian limestone in the "Henry Lake" area. 

Table 1. Ages of fossils from limestone in unit a 

NUMBER I GSC# I FAUNA I AGE I REFERENCE 

1 C-087673 Conodont Pragian 1 
2 C-116608 Conodont possibly Emsian - 2 

probable Eifelian 
3 C-116616 Conodont Early Devonian (?) 2 
4 C-087672 Conodont Pragian 3 
5 C-101189 Conodont Lochkovian 2 
6 C-168163 Coral Silurian or Devonian 4 

Number refers to location in Figure 2. References are: 1. GSC Internal Fossil 
Report, OF-1992-2; 2. M.J. Orchard, unpub. data; 3. Read et aI., 1989; 4. Logan 
et aI., 1990a. 
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Massive and foliated dark green and purple flow breccia 
of units e and g have a characteristic pitted weathered surface 
and irregular-shaped varitextured basalt and scoria fragments 
generally less than 10 cm across have sharp and assimilated 
margins and defme agglutinate and autobreccia textures 
(Fig. 5b). Monomictic breccia is aphanitic to faintly feldspar
porphyritic and commonly occurs with foliated pillow basalt. 
Unsorted white and light grey felsic accidental lithic 
fragments are distinctive in outcrops of pale grey and dull 
green lapilli tuff of unit g. There is a faint to moderate chlorite 
foliation in tuff, and most lapilli and blocks are flattened in 
the plane offoliation. 

Feldspar glomerocrystic basalt sheet flows and basalt flow 
breccia are abundant stratigraphically below well-dated 
Lower Carboniferous limestone in the Forrest Kerr Glacier 
and Newmont Lake areas about 25 km and 10 km to the 
northwest respectively, of the "Henry Lake" (Logan et aI., 
1990a; Gunning, 1992). They are similar to basalt in the study 
area and are the basis for a correlation between Early 
Carboniferous or older, and Devonian and younger mafic 
volcanic successions; similarity of rock types and flow 
textures may reflect extrusion within the same volcanic 
regime. 

Units h to I 

Aphanitic and faintly feldspar-porphyritic I ight green 
andesite and aphanitic dacite are predominant in units h to I 
that are mainly east of the West Lake Fault (cf. Read et aI., 
1989). Brittle deformation is a characteristic of most outcrops 
and there are numerous swarms of subvertical east-trending 
quartz veins in unit h east and northeast of "Henry Lake". 
Massive cliffs of nondescript pale green and grey siliceous 
rock along the west bank of Forrest Kerr Creek are interpreted 
to be a large high level felsic intrusion. 

Northeast of "Henry Lake" there is an abrupt change from 
chlorite schist to blocky light green andesite across a 
curviplanar fault west of, and broadly parallel with the West 
Lake Fault (Fig. 2). Thin-bedded ash tuff and laminated light 
green siltstone between the two faults is commonly tightly 
folded and similar to tuff in unit c, but is interpreted to be 
Upper Triassic because of fault juxtaposition with chlorite 
schist to the west, and spatial association with andesite that 
is similar to well-dated Upper Triassic andesite and dacite 
east of the West Lake Fault (Read et a!., 1989). A post-Late 
Triassic age for compressional deformational events that 
produced folds with north-plunging and west-plunging fold 
axes is implicit in this interpretation. 

1NTRUSIVE ROCKS 

Distribution 

The compositionally and texturally heterogeneous "Henry 
Lake" pluton west of "Henry Lake" is granite, quartz monzo
diorite, and diorite. The pluton extends north into the southern 
part of the Telegraph Creek map area (Logan et aI., 1992b), 
it intrudes upper Paleozoic strata in the "Henry lake" area and 
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is in fault contact with Lower Carboniferous volcanic strata 
southeast of New mont Lake (Fig. 2). Intelmediate and felsic 
phases of the pluton are the most extensive and diorite is 
generally in small irregular areas along the periphery of the 
pluton. In one area south of "Henry Lake" tan to pale orange 
aplite at the pluton margin grades inward into quartz-phyric 
granite over about 50 m. Apophyses that extend into 
surrounding bedded rock are generally tan aplite, white
weathered fine grained biotite granite, and light grey 
hornblende-biotite quartz monzodiorite. Complex zones of 
mixed mafic and felsic phases, and zones of intrusive breccia 
that comprise diorite and amphibolite blocks in a matrix of 
aplite and biotite granite, are characteristic of the northern part 
of the pluton in the Telegraph Creek map area (Logan et aI., 
1992a). 

Composition 

Dark grey equigranular hornblende diorite is a fine grained 
subpoikilitic mesh of subhedral hornblende and subordinate 
feathery and lath-shaped feldspar. At contacts with bedded 
rocks, diorite is commonly fractured, friable and chloritic. 
Near the head of McLymont Creek there are metre-thick 
tabular intrusive layers of equigranular hornblende diorite, 
plagioclase-phyric diorite and pistachio green epidote-rich 
layers in the mafic phase of the pluton. South of "Henry Lake" 
discontinuous centimetre-thick milky and cloudy grey quartz 
segregations are throughout diorite and may be from 
post-emplacement deformation. 

This phase is fine- to medium-grained, generally 
equigranular and light grey weathered. Mafic minerals are 
interstitial to cloudy grey and chalky white subhedral 
plagioclase. Hornblende is generally 1-4 mm long acicular 
grains or scattered green poikilitic subhedral clots that are 
generally less than 15% of the rock. Evenly disseminated 
green and black biotite is in fine grained plates and books less 
than 5 mm in size. Equant beige potassium feldspar mega
crysts up to 2 cm in size are scattered throughout some 
outcrops. In some areas there are concentrations of subparal
lel, irregular spaced, 2-5 cm wide aplitic intrusive layers with 
diffuse margins. 

Fine- to coarse-grained quartz-phyric biotite granite is the 
most extensive phase and is in tan, light grey to white and pale 
orange outcrops. Centimetre- to rarely decimetre-thick aplitic 
layers are similar to those in quartz monzodiorite. Granite is 
texturally heterogeneous but compositionally homogeneous. 
Euhedral single grains and rare books of brown and black 
biotite are evenly disseminated and generally less than 5% of 
granite. Conspicuous cloudy grey subhedral "eyes" of quartz 
are up to 10 mm in size and 40% of some outcrops. Chalky 
white and dull grey plagioclase is generally finer-grained than 
submegacrystic grains of potassium feldspar. Hematite is 
along fractures and is a faint to pervasive alteration of 
feldspar. Wispy mafic schlieren and centimetre- to decimetre
scale rounded xenoliths of fine-grained diorite and 
plagioclase-phyric diorite are locally abundant. A northeast
trending swarm of crosscutting and subparallel dykes of fine 
grained diorite and aphanitic basalt is in quartz monzodiorite 



and granite north of "Sunny creek". Similar swarms of mafic 
dykes and irregular intrusive bodies are throughout the 
northern part of the pluton (Logan et aI., 1990a). 

Tabular mafic dykes that are subvertical or inclined 
steeply to the north are throughout the "Henry Lake" pluton 
(Fig. 3). Swarms of 2-5 dark green and brown dykes are 
generally over a 20-50 m interval. Centimetre-scale granite 
xenoliths, wispy small-scale basalt apophyses and sharp 
coherent dyke margins are characteristic. Dykes are aphanitic 
basalt and/or andesite and feldspar and feldspar-pyroxene 
porphyritic basalt. Coplanar basalt dykes are throughout 
upper Paleozoic strata elsewhere in the Iskut River map area 
(Anderson, 1989). 

Age 

The pluton is younger than Early to Middle Devonian meta
sedimentary rocks because: I. Diorite, quartz monzodiorite 
and granite truncate strata on both an outcrop and regional 
scale; 2. Beds oflimestone are chaotically rotated at the pluton 
margin north of "Sunny creek"; 3. Small- and large-scale 
xenoliths of limestone, chert, and chlorite and sericite schist 
are within diorite and granite near the pluton margin; and 4. 
A pyritic hornfels is in ash tuff peripheral to aplite at one 
locality. The mafic phase is interpreted to be the oldest 
because xenoliths of fine grained diorite and plagioclase
phyric diorite in granite near contacts with the mafic phase 
have concentric centimetre-thick reaction rims, and granite, 
aplite, and quartz monzodiorite dykes and apophyses intrude 
diorite throughout the pluton. Mafic, intermediate, and felsic 
plutonic rocks are interpreted to be broadly coeval phases of 
a heterogeneous pluton because diorite, quartz monzodiorite 
and granite crosscut Paleozoic strata, have cospatial distribu
tion and have similar structural style. The intermediate phase 
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of the pluton is at least as old as middle Early Carboniferous 
(Harland et aI., 1990) (346 ± 10 Ma, K-Ar, biotite; Logan et 
aI., 1992a). 

STRUCTURAL STYLE 

Folds in stratified rocks 

Paleozoic strata are foliated and metamorphosed to green
schist facies, tightly folded, and juxtaposed against Upper 
Triassic rocks to the east along a north-trending fault. 
Regional strike of beds and mineral foliation planes is north 
to northeast, but structural style varies with the competency 
of units. There are three distinct fold geometries in upper 
Paleozoic strata (Fig. 3), but relative age of fold events is 
obscured by disharmonic folding, rootless fold structures, 
chaotic axial traces, and contradictory crosscutting relation
ships in some outcrops of thin-bedded ash tuff. 

The first, or oldest episode of contractional deformation 
produced open, closed and rarely tight minor folds with 
rounded hinges in thin-bedded sedimentary rocks, and 
asymmetric decimetre- to rarely metre-spaced crenulation in 
foliated basalt. Fold wavelengths are generally decimetre
scale and most fold axes plunge moderately south. Axial 
planes are north-trending and subvertical or steep west
dipping. Crenulation cleavage in foliated basalt generally dips 
west and is east-vergent (Fig. 6a). 

The second fold geometry is minor folds that plunge 
moderately west and transpose bedding, foliation planes, and 
north-trending fold structures (Fig. 6b). Closed and tight 
minor folds with decimetre-scale wavelengths and upright 
axial planes are exclusively in thin-bedded ash tuff and rarely 
have an associated axial planar cleavage. Asymmetric 
recumbent minor folds in tuff and regular-spaced crenulation 

Figure 6. (a) Regular-spaced crenulation is common in foliated basalt and chlorite schist of units d and f. 
View to the north, along trend, shows east-vergent structural style typical offolds of this phase of deformation. 
Dark square on scale bar in top right is 1 cm long. (b) Minor folds with rounded, closed hinges are 
characteristic of thin-bedded ash tuff of unit c, and the view to the south shows truncation of north-trending 
folds by folds that trend east. 
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Figure 7. The two oldest sets offold geometries in Paleozoic 
strata are in marginal diorite bodies and felsic apophyses of 
the "Henry Lake" pluton. View in (a) is to the north along strike 
of axial plane of north-plunging fold that deforms a quartz vein 
in fine grained diorite south of "Sunny creek". View to the 
northwest in (b) is of light grey weathering quartz monzodiorite 
dyke (in centre foreground of photo) in layered ash tuff. Dyke 
is folded about a west-trending axial plane (right centre part of 
photograph). 
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in foliated basalt are generally north-vergent and have axial 
planes that dip south. Northwest-plunging minor folds could 
either be transposed folds from the first phase of deformation, 
or syntectonic with the second folding event that was 
north-vergent and produced west-plunging minor folds. 

The third, or youngest fold geometry is open northeast
trending antiforms in the south part of the study area with 
wavelengths of hundreds of metres or kilometres. There are 
no parasitic minor folds but there are coplanar faults that 
juxtapose diorite and foliated basalt southwest of "Henry 
Lake". Read et al. (1989) suggest this fold geometry is folded 
by, but overall coeval with, compression that produced 
west-plunging folds. 

There is a north-trending cleavage discordant to bedding 
and sericite foliation in ash tuff of unit c south of "Henry 
Lake" (Fig. 3). The cleavage is not interpreted to be axial 
planar to first phase minor folds because it dips steeply east, 
and first phase folds generally lack an axial planar cleavage. 
The cleavage may be axial planar to a fourth phase of 
compression that produced regional scale folds with 
subvertical north-trending axial planes. 

Folds in plutonic rocks 

Tabular dykes and irregular apophyses of aplite, granite, and 
quartz monzodiorite intrude Paleozoic strata throughout the 
area and are generally nearly concordant with bedded and 
foliated rocks. Diorite bodies and felsic apophyses are 
affected by the first three contractional events that folded 
stratified rocks. Aplite and granite dykes and apophyses in 
strata south of "Henry Lake" are boudinaged along a 
north-trending subvertical plane and folded about subvertical 
north-trending axial planes. Quartz veins in diorite south of 
"Sunny creek" are folded about steeply north-plunging axes 
(Fig. 7a). Aplite and quartz monzodiorite dykes in thin
bedded ash tuff south of "Henry Lake" are in west-plunging 
open folds with rounded hinges and east-trending subvertical 
axial traces (Fig. 7b). Irregular orientation of quartz 
segregation in pseudo-gneissic diorite south of "Henry Lake" 
may be from the compression that folded surrounding 
metavolcanic strata about a subvertical, northeast-trending 
axial plane. 

Age of folds 

Structural style of diorite bodies and felsic apophyses 
compared with structures in stratified rocks suggest the first 
three phases of compression postdate Early Carboniferous 
pluton emplacement. If Paleozoic strata are in one time
stratigraphic succession of Devonian to Permian age there 
were three, and possibly four episodes of post-Paleozoic 
contractional deformation. Iffolded tuff and siltstone in units 
hand i west of the West Lake Fault are Upper Triassic then 
these events must be post-Late Triassic. Read et al. (1989) 



suggested the first phase of folds are post-Pennian but 
pre-Late Triassic, and the second and third phases are 
post-Middle to Late Jurassic. 

Faults 

Devonian to Pennian metavolcanic and metasedimentary 
strata, Lower Carboniferous volcanic rocks, Early Mississippian 
or older plutons, Pennian limestone, and Upper Triassic 
volcano-sedimentary successions were affected by 
subvertical to west- and northwest-dipping, north- and 
northeast-trending faults. There are isolated decimetre-thick 
zones of pervasive fracture cleavage in granite that are 
juxtaposed against brecciated and ankeritic Pennian lime
stone along a regional1y extensive north-trending fault east of 
the head of McLymont Creek. The east to northeast-trending 
West Lake Fault (cf. Read et aI., 1989) juxtaposes upper 
Paleozoic and Upper Triassic strata east of "Henry Lake". 
Pervasive fracture cleavage and a chloritic mineral foliation 
are in rusty friable outcrops of Upper Triassic andesite at the 
fault. The fault locally truncates west-dipping beds and 
fol iation planes in Paleozoic strata in the west block, and there 
is a decimetre- to metre-spaced fracture parting subparallel to 
the fault in a discontinuous interval of Penni an limestone in 
the east block. Read et al. (1989) suggested that there is at 
least 4 km of oblique right-lateral offset along a coplanar fault 
south of the Iskut River. 

Upper Triassic and Paleozoic strata west of Forrest Kerr 
Creek are juxtaposed against Lower Jurassic volcanic rocks 
east of the creek along the subvertical, north-trending Forrest 
Kerr Creek Fault (cf. Read et aI., 1989). Regional north
trending faults that bound major tectono-stratigraphic 
successions in the area have been active from Early Jurassic 
to late Tertiary time (Souther, 1972; Souther and Symons, 
1974; Read et aI., 1989), and Read et al. (1989) suggested 
there has been more than 2.5 km of east-block-down displace
ment along the Forrest Kerr Creek Fault. 

South of "Sunny creek" there are two north-trending 
quartz vein swanns in metavolcanic strata that are continuous 
for over 3 km. Veins are locally in isoclinal minor folds that 
plunge north, and everywhere cut less abundant subvertical 
east-trending quartz vein sets. Crosscutting relationships 
indicate both episodes of extension and fracture filling 
predate the first phase of compression that folded strata and 
plutons. The veins are not related to regional transpressive 
deformation because sinistral offset along some north
trending vein/fracture systems is opposite to sense of 
movement on major faults. 

SUMMARY 

Fossil ages, structural style, and rock distribution suggest that 
metavolcanic and metasedimentary rocks in the lower Forrest 
Kerr Creek area could be in a single time-stratigraphic 
succession of Devonian to Pennian age. Rock types and flow 
textures in a heterogeneous mafic metavolcanic succession 
associated with well-dated Devonian sedimentary rocks are 
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similar to volcanic strata below Lower Carboniferous lime
stone elsewhere in the region. If the mafic rocks are 
correlative, they represent a widespread volcanic regime. 

Upper Paleozoic strata are disrupted by the composite 
"Henry Lake" pluton. Coarse grained quartz-phyric biotite 
granite and acicular hornblende quartz monzodiorite 
dominate over scattered bodies of fine grained diorite at the 
pluton margin. Structural style and contact relations with 
upper Paleozoic strata suggest rocks are broadly coeval 
phases of a heterogeneous pluton of Mississippian or older 
age. 

There are at least three, and perhaps four contractional 
defonnational events that fold upper Paleozoic strata and 
apophyses of the "Henry Lake" pluton. East-vergent north
plunging minor folds are most abundant and are defonned by 
folds that plunge moderately west. Large-scale antifonns with 
subvertical northeast-trending axial planes and north
trending axial planar cleavage are youngest. If strata are a 
single Devonian to Pennian succession, al1 folding events are 
post-Paleozoic; the two youngest events, and probably the 
two older events are post-Late Triassic. Distribution of upper 
Paleozoic, Upper Triassic, and Lower Jurassic volcano-sedi
mentary successions in the region is controlled by regional 
north-trending faults that have been active from Jurassic to 
Tertiary time (Souther and Symons, 1974; Read et aI., 1989). 
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Abstract: The Lower Jurassic Inklin Formation of the Laberge Group ranges in age from Early 
Sinemurian to Late Pliensbachian and possibly Early Toarcian in the Atlin Lake area. Sinemurian strata are 
dominated by thin-bedded muddy turbidites that indicate northeasterly paleoflow. Paleocurrent patterns in 
the Pliensbachian indicate a major shift in regional sedimentation. Northeast-derived clastics become a 
significant component of basin-fill during the Early Pliensbachian and persist until at least Late 
Pliensbachian (Kunae Zone) time. Upper and mid-fan greywacke of the northern facies contain a significant 
component of pyroclastic and volcaniclastic equivalents that display a marked lithological similarity to the 
Nordenskiold dacite. An ammonite fauna of strong Boreal affinity was identified in Upper Pliensbachian 
(Kunae Zone) strata derived from the northeast that has not been previously recognized in the Inklin 
Formation. 

Resume: La Formation d'Inklin (Jurassique inferieur) du Groupe de Laberge couvre I'intervalle du 
Sinemurien precoce au Pliensbachien tardif et peut-etre au Toarcien precoce dans la region d' Atlin Lake. 
Les strates du Sinemurien contiennent principalement des turbidites boueuses finement Iitees qui temoignent 
d'un paleoecoulement vers Ie nord-est. La configuration des paJeocourants dates du Pliensbachien indiquent 
une importante modification des modeles de sedimentation regionale. Des roches clastiques en provenance 
du nord-est deviennent une importante composante du remplissage sedimentaire de bassin au cours du 
Pliensbachien precoce et persistent au moinsjusqu'au Pliensbachien tardif(zone de Kunae). Les grauwackes 
des parties superieure et intermediaire de cone alluvial, dans Ie facies nord, contiennent une compos ante 
significative de roches pyroclastiques et d'equivalents volcanoclastiques affichant une ressemblance 
lithologique marquee avec la dacite de Nordenskiold. Une faune a ammonites, presentant de nettes affinites 
boreales, a ete identifiee dans des strates du Pliensbachien superieur (zone de Kunae), dont les materiaux 
proviennent du nord-est; cette faune n'avait pas jusque-Ia ete reconnue dans la Formation d'Inklin. 

1 Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T IZ4 
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INTRODUCTION 

An understanding ofthe age, sedimentology and stratigraphy 
of the Inklin Formation is essential in deciphering Cache 
Creek, Stikine and Quesnel (?) terrane interactions in the 
northern Cordillera. Although the formation has been 
previously described during regional mapping projects 
(Souther, 1971; Mihalynuk et ai., 1989) and in a thesis 
(Bultman, 1979), little detailed work has been done. 

Field research in 1992 focused on the sedimentology and 
biochronology often measured stratigraphic sections ranging 
from 200 to 700 m thick that include Lower Sinemurian 
through Upper Pliensbachian strata. This was complemented 
by detailed examination of extensive outcrop exposures along 
the shores and islands of southern Atlin Lake. Over 60 
ammonite collections provide age control. Systematic 
microfossil sampling, mainly for radiolarians, was also 
conducted. Collections of clasts were made from conglom
erates of various ages for provenance studies. Granitoid clasts 
from Upper Sinemurian and Upper Pliensbachian conglom
erates were also collected for radiometric age determinations. 
Data on thermal maturation will be gathered through analysis 
of samples from carbon-rich horizons. 

REGIONAL SETTING 

The study area lies within the Intermontane Belt in the Atlin 
Lake region of northern British Columbia (Fig. I). Mesozoic 
clastic strata of the Whitehorse Trough form a northwest
trending linear belt that extends through the study area, where 
sediments of the Laberge Group overlie the major tectonic 
boundary between the Stikine and Cache Creek (Atlin) 
terranes. Laberge Group sediments of the Whitehorse Trough 
have been subdivided in northern British Columbia into two 
partly coeval formations: the Inklin and the Takwahoni 
(Souther, 1971). The Lower Jurassic Inklin Formation is a 
largely deep-marine facies of submarine fan origin that is 
extensively underlain by Cache Creek basement (Monger et 
aI., 1991). The Upper Pliensbachian to Lower Bajocian 
'proximal' Takwahoni Formation unconformably overlies 
Stikinian (Stuhini Group) basement along much of the 
southwest margin of the trough in British Columbia (Wheeler 
et ai., 1988). In the mid-Jurassic the two facies were juxta
posed across the southwesterly directed King Salmon Fault. 
The Takwahoni-Inklin formations form a Lower to Middle 
Jurassic overlap sequence that links the Stikine and Cache 
Creek terranes along much of the length of the Whitehorse 
Trough (Wheeler et ai., 1988). Its marginal boundaries are 
defined by major faults - Nahlin Fault to the northeast and 
King Salmon (and Llewellyn) Fault to the southwest. Inklin 
strata have undergone at least one major phase of deformation 
(Bultman, 1979), so that stratigraphic continuity is disrupted 
by folds, faults, and bed parallel shear. The Takwahoni 
Formation is not exposed in the study area. 
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STRATIGRAPHY 

Sinemurian 

The oldest dated rocks of the Inklin Formation in the study 
area are Lower Sinemurian strata containing the ammonite 
genus Arnioceras. Upper Sinemurian strata containing 
Paltechioceras display similar sedimentological character
istics to Lower Sinemurian strata. Overall lithology of the 
succession is dominated by muddy turbidites. The modal 
(Bouma) sequence Tc-e is characteristic and represented by 
fine sand/silt-mud couplets, thick to thin silt-mud laminae, 
and graded, stratified muddy silt to silty mud deposited from 
low-concentration turbidity currents. These deposits are 
typical of lower fan, fan-fringe and basin-plain settings but 
also occur throughout fans in interchannel environments, 
particularly in overbank settings (Pickering et ai., 1986). 
Mud-silt ratios exhibit considerable variability both between 
and within particular sub-facies. Intercalations of tabular 
medium bedded fine greywacke (Ta,Tb(c» occur throughout 
the muddy turbidite succession but are minor constituents 
except in the uppermost Sinemurian. Ripple cross
stratification foresets were measured in a number oflocalities 
in Sinemurian strata and consistently indicate a northeasterly 
paleoflow. The predominance of muddy turbidites and lack 
of proximal facies suggest lower-fan to basin plain settings 
for much of the succession. 
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Figure 1. Map showing location of the study area and 
regional setting of the Whitehorse Trough (Inklin Formation) 
in the Atlin Lake area (modified after Wheeler et al., 1988). 



Within Sinemurian strata rare slumped intervals and 
debris flow deposits are commonly associated. Slump 
deposits are generally in the range of a few metres thick 
(rarely more than 10m) and are represented by coherent/ 
semi-coherent contorted and folded strata, to dislocated and 
balled strata in a silty mud matrix. In most cases these slide 
deposits are found in close stratigraphic proximity to 
heterolithic pebbly mudstone and muddy pebble-cobble 
conglomerate of cohesive debris flow origin. The conglom
erates are generally thin «8 m) and usually have lensoid 
(channel) geometry, though thinner tabular varieties also 
occur. They are usually matrix-supported, poorly sorted to 
unsorted, and of pebble to cobble grade. Clasts include 
volcanics, intrusives, carbonates, sedimentary intraclasts and 
rare chert. Carbonate clasts are common and resemble lime
stones of the Upper Triassic 'Sinwa' Formation exposed on 
the west side of Atlin Lake (Bultman, 1979). The absence of 
any appreciable proximal facies, restricted thickness of 
slumped intervals, and predominance of fine facies (muddy 
turbidites) favour lower-fan channel and interchannnel 
overbank environments for these slumped deposits. 

A number of sedimentological features distinguish the 
Sinemurian from other parts of the succession that contain 
similar lithofacies. The most diagnostic criterion is the 
common occurrence of intensely bioturbated horizons within 
the thinly-bedded muddy turbidites. The bioturbation consists 
of worm trails and shallow burrows of variable size and 
generally occurs within the graded stratified muddy silts and 
less pervasively in the silt-mud couplets (Fig. 2). Another 
diagnostic feature is the occurrence of thin (\0-30 cm) 
interbeds of buff weathering muddy lime siltstone and lime 
mudstone containing abundant worm burrows. These 
distinctive beds are commonly normally graded with silty 
convolute or wispy laminae at their base. Typical Sinemurian 
strata display flaggy weathering of a crumbly dark grey/black 
to rusty aspect with resistant rusty brown to buff interbeds. 
In addition the silts and fine sands of the couplets generally 
weather rusty shades of brown and red, helping distinguish 
them from Pliensbachian sediments of similar lithological 
aspect, which tend to weather shades of white and light grey. 

Figure 2. Sinemurian graded stratified muddy siltstone with 
typical bioturbation. 

G.G.Johannson 

The upper part of the section coarsens upward and is 
dominated by thin to medium bedded fine sands containing 
abundant plant material. The sandstone is moderately to well 
indurated fine greywacke (Ta,Tab(c) that commonly weathers 
shades of tan and red. This coarsening upward shift in 
sedimentation suggests a change to a mid-fan setting that is 
marked near the top of the section by widespread pebble
cobble and cobble-boulder conglomerates that are commonly 
associated with underlying submarine slumps (Fig. 3). The 
coarsening-upward trend occurs in Upper Sinemurian strata 
across the study area and is apparently near the Sinemurian
Pliensbachian transition. 

The contact between the Upper Triassic Stuhini Group 
and Lower Jurassic Inklin Formation is exposed at two 
localities on the southwest shore of Atlin Lake. The structural 
nature of the contact is evident on the southwest shore of 
Torres Channel where highly sheared and interleaved fault 
slices of Inklin strata and Sinwa Formation equivalents are 
well exposed. Sinemurian strata are rare in the southern part 
of the study area and absent along the southwest boundary 
where Lower Pliensbachian strata are found in fault contact 
with Sinwa-equivalent carbonates. 

Lower Pliensbachian 

The overall lithology of Lower Pliensbachian strata exhibit 
two distinct lithofacies of different provenance. In the 
northern part of the study area the Lower Pliensbachian is 
dominated by proximal facies of upper and mid-fan affinity 
which contain a significant volcaniclastic component. In the 
southwest (SJoko Island) a thick sequence (> 150 m) 
dominated by thin rhythmically bedded argillite composed of 
fine sand/silt-mud couplets forms the upper 'half ofa Lower 
Pliensbachian positive (fininglbed-thinning upward) mega
sequence (sensu Heward, 1978). The basal section (>200 m: 
base not seen) comprises deposits dominated by medium- and 
thick-bedded, well-indurated tabular greywacke (Ta,Tab(c) 
with minor fine pebble-granule conglomerate and gritty sand 
near the base. The greywacke (typical of mid-fan settings) 
lacks a significant tuffaceous component. Ammonites are 
relatively common and locally abundant throughout the upper 

Figure 3. Upper Sinemurian conglomerate overlying 
slumped muddy turbidites. 
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half of the megasequence and allow tight age constraints for 
this section. The lowest fauna encountered in the 'muddy' 
facies is dominated by Dubariceras, followed closely upsection 
by the appearance of abundant Metaderoceras with 
subordinate Dubariceras. These genera range from the basal 
Whiteavesi through Freboldi (ammonite) Zones of the Lower 
Pliensbachian (Smith et aI., 1988). Species identifications are 
expected to refine the biochronology for this sequence. This 
upper lithofacies persists well into the Upper Pliensbachian 
in the southwest, forming a continuous section spanning most 
of the Pliensbachian stage. 

Rocks ofthis upper lithofacies are distinctive, comprising 
related finer subfacies of mid-fan and lower fan settings. 
They are commonly thin to very thin-bedded, planar to 
rippled fme sand/silt-mud couplets, and thick to thin silt-mud 
laminae (Fig. 4). The sand-silt fraction commonly weathers 
shades of white and light grey and the muds dark grey to 
black, producing a distinctive rhythmically banded appear
ance. The 'coarse' fraction contains numerous small scale 
current-generated structures in the form of planar to wispy 
laminations, ripple cross-lamination, and rippled beds which 
consistently indicate a northeasterly paleoflow. The fine 
fraction is locally finely laminated and can also be bioturbated 
but the bioturbation is genera1\y finer and far less abundant 
than that found in Sinemurian beds. Thin to medium interbeds 
of brown to buff weathering fine (Tab,T b) greywacke and buff 
weathering lime mudstone and muddy limestones are 
scattered throughout this section. 

The second lithofacies is widespread in the north and east 
regions of the study area and forms the thickest member of 
the Inklin Formation (800+ m). There is a paucity of 
paleocurrent indicators in this coarse northern facies but 
foresets at a few localities indicate a southwest paleoflow. 
This sequence is characterized by medium to very thick 
bedded massive to graded (Ta,Tab(c) greywacke that is 
typically fine- to medium-grained but includes pebbly and 
conglomeratic sandstone. The greywacke is well indurated 
and weathers grey-green to dark grey and tan. Thin 
intercalations of dark brown siltstone and mudstone separate 
beds and thick units of stacked sandstone. Spherical brown 
sand concretions and shale rip-up clasts are common. The 

Figure 4. Lower Pliensbachian rhythmically bedded 
cross-stratified fine sand-mud couplets (Sloko Island). 
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dominance of these coarse facies is indicative of upper and 
mid-fan settings. A primary association in this Lower 
Pliensbachian section is the presence of distinctive pyro
clastic and related volcaniclastic deposits that exhibit a 
marked lithological similarity to the Nordenskiold dacite 
(Cairnes, 1910) and correlative volcanics in the Atlin area. In 
the study area the volcaniclastic deposits are genera1\y found 
as reworked fine lapilli tuffs and are relatively uncommon as 
primary pyroclastic deposits (Fig. 5). They probably origi
nated as crystal-lithic lapilli tuffs of intermediate (dacitic) 
composition and are characterized by abundant feldspar, 
quartz, hornblende, and biotite. These rocks weather a 
distinctive light grey that is commonly mottled and display a 
salt-and-pepper texture on fresh surfaces. The volcani
clastics are fine- to medium-grained and commonly sorted to 
well sorted. Coarser variants do occur, including pebbly to 
conglomeratic litharenite, but are minor. These deposits are 
widespread in this coarse northern facies where they can form 
well-bedded units in excess of 150 m. They grade into and are 
associated with tuffaceous greywacke. Although the common 
occurrence of these deposits is confined to the Lower 
Pliensbachian of the north and northeast part of the study area, 
a late episode of similar volcanism was identified in Upper 
Pliensbachian strata. 

Upper Pliensbachian 

The Upper Pliensbachian section also exhibits different 
lithological characteristics that are due, in part, to provenance 
rather than lateral facies changes. The lithofacies are more 
closely related in depositional setting and exhibit greater 
variability in gross lithology than is the case in Lower 
Pliensbachian strata of dual provenance. Ammonites are 
relatively common in finer grained ('muddy') facies and are 
dominated by Hildoceratids (notably Protogrammoceras) 
with subordinate Dactylioceratids (Aveyroniceras) in lower 
sections. 

In the southwest (Sloko Island section) Upper Pliensbachian 
strata form an unbroken section with Lower Pliensbachian 
rocks of similar lithofacies. These muddy turbidites of 
lower-fan affinity are indistinguishable from similar Lower 

Figure 5. Lower Pliensbachian volcaniclastic litharenite: 
note mottled appearance (scale right centre). 



Pliensbachian strata, being also dominated by Tc-e fine 
sand/silt-mud couplets (Fig. 6). Similar small-scale current
generated structures are common as well and also clearly 
indicate northeasterly paleoflow. The lower section of the 
Upper Pliensbachian extends well into the Kunae Zone in the 
south and central regions of the study area and forms the top 
of the positive megasequence initiated in the Lower 
Pliensbachian. During Kunae Zone time the sudden influx of 
coarse clastics marks a change in sedimentation that affects 
much of the study area in the south. It begins with the 
appearance of a distinctive cobble-boulder conglomerate 
overlain by coarse to medium greywacke and subordinate 
litharenite. This unit differs markedly from earlier conglom
erates through the presence of abundant granitoid clasts 
(Fig. 7), which are minor constituents in Sinemurian and 
Lower Pliensbachian conglomerates. This channelized 
conglomerate grades laterally into and is overlain by, coarser 
grey wacke that is less feldspathic and more quartzose than 
similar Lower Pliensbachian greywacke. This unit is 
separated from a second, coarse fining-up sequence by a 
thinner succession of muddy turbidites similar to those 
beneath the granitoid conglomerate which also contain 
ammonites of Kunae Zone age. The fining-upward sequence 
begins with a similar (though finer) basal conglomerate that 
grades into coarse and fine sands. Correlatives of these two 
coarse Upper Pliensbachian units also occur farther north on 
Bastion Island. 

Probable Upper Pliensbachian strata are relatively poorly 
constrained in the north and east regions of the study area with 
the exception of Copper Island where fossils are more 
common. There, strata have a complex structural history that 
involves overturned folding and major faulting. Paleocurrent 
indicators are relatively common in Upper Pliensbachian 
strata on Copper Island and indicate paleoflow to the 
southwest. The section is well constrained biochronologically 
with the base of the Upper Pliensbachian marked by the 
co-occurrence of Aveyroniceras and Protogrammoceras. 
The base marks the beginning of a thick negative (coarsening! 
bed-thickening upward) megasequence (500+ m) which 
spans much of the Kunae Zone on Copper Island and forms a 
continuous section with an underlying Lower Pliensbachian 

Figure 6. Upper Pliensbachian thin-bedded coarse silt-mud 
couplets and laminae (Sloko Island). 

G.G. Johannson 

Figure 7. Upper Pliensbachian granitoid cobble-boulder 
conglomerate (Sloko Island). 

positive megasequence (300+ m). Strata coarsen upward from 
a thin section of muddy turbidites and are dominated by 
coarser sub-facies of mid-fan affinity deposited mainly from 
high-concentration turbidity currents. The bulk of the 
negative megasequence comprises medium- to thick-bedded 
massive graded (Ta, Tab) to parallel stratified sands with 
intercalations of thin (1-5 m) fine sand/silt-mud couplets that 
contain ammonites of Kunae zone age. Thin-bedded muddy 
turbidites have a higher siliciclastic content in both the fine 
and coarse fraction than similar lithofacies derived from the 
southwest. Near the top of the negative megasequence a thick 
unit (>50 m) of mixed pyroclastics and associated volcani
clastics was found. This unit exhibits the same distinctive 
lithological characteristics of volcaniclastic/pyroclastic 
deposits previously found only in Lower Pliensbachian strata 
derived from the northeast. Tight biochronological brackets 
constrain this unit to the Kunae Zone of the Upper 
Pliensbachian. 

One other feature of note in this section concerns 
ammonite faunas. The Copper Island section contains a 
markedly different ammonite fauna from other Upper 
Pliensbachian strata. The fauna is strongly dominated by 
Amaltheids which have been found at no other locality. The 
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essentially monogeneric occurrence of Amaltheid horizons 
strongly argues for a distinct Boreal affinity, as opposed to 
the mixed Tethyan/Boreal faunas found everywhere else in 
the study area. 

Paleocurrent data 

An important aim of the study was to determine paleocurrent 
patterns and establish the existence and chronology of 
regional shifts in provenance. Data collected for paleocurrent 
analysis consist mainly of ripple cross-stratification foresets 
but also include flute cast directions and groove cast 
orientations. A total of approximately 140 such measurements 
were made. 

Paleocurrent data indicate a westerly to southwesterly 
Stikinian source for Sinemurian strata. No evidence of a 
northerly source was found for the Sinemurian section in the 
study area. Paleocurrent patterns for the Pliensbachian exhibit 
greater variability and indicate the initiation of a bimodal 
input to the trough. In the southwest region of Atlin Lake 
(Sloko Island section) Lower Pliensbachian through Upper 
Pliensbachian strata clearly indicate a source to the west and 
southwest, but strata of equivalent age in the north appear to 
have a source to the northeast. The Early Pliensbachian 
appears to mark a significant shift in regional sedimentation 
patterns with the onset of major clastic input from the 
northeast. Lower Pliensbachian sediments derived from this 
source are dominated by coarse proximal facies and include 
a significant pyroclastic/volcaniclastic component, forming 
the thickest member of the Inklin Formation in the study area. 
This sedimentation regime continued through the Upper 
Pliensbachian. The areal distribution of coeval Upper 
Pliensbachian strata of dual provenance is more restricted and 
less clearly defined than in the Lower Pliensbachian and may 
indicate a waning clastic input from the northeast. 

SUMMARY 

Ammonite biochronology constrains Inklin strata in the study 
area to an age of Early Sinemurian to Late Pliensbachian. No 
unequivocal Toarcian faunas were collected but pending 
species identifications of Protogrammoceras may confirm 
the presence of Lower Toarcian strata. The presence of 
Amaltheid dominated horizons in Upper Pliensbachian strata 
derived from the northeast indicates a previously unknown 
Boreal influence in this region of the Whitehorse Trough. 

Paleocurrent patterns confirm the existence of a dual 
provenance for the Inklin Formation. Sediments derived from 
Stikinia to the west and southwest comprise a submarine fan 
succession of diverse lithofacies that spans Lower Sinemurian 
through Upper Pliensbachian strata. Northeast-derived 
clastics become a significant component of basin-fill no later 
than Early Pliensbachian and comprise coarser facies of 
upper- and mid-fan affinity. Distinctive pyroclastic and 
volcaniclastic equivalents are likely correlatives of the 
Nordenskiold dacite and appear to be confined to the 
succession derived from the northeast. 
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Abstract: Field work along the eastern margin of the Bowser Basin confirms the presence of a relatively 
complete stratigraphic sequence from the Diagonal Mountain area (McConnell Creek map area (94D west 
half)). This section encompasses the Hazelton Group "pyjama beds" and the Bowser Lake Group Ashman 
Formation. Ammonites collected from the measured sections range from the Toarcian through to the 
Callovian, but the previously recorded occurrence of Pliensbachian and Oxfordian fossils was not 
confirmed. Pre-Bowser Lake Group strata outcrop in a northwest-southeast band extending from Diagonal 
Mountain (94D/ll) northwest to MelanistiC Peak (94D/13). 

Resume: Les travaux de terrain effectues sur la marge est du bassin de Bowser confirment la presence 
d'une sequence stratigraphique relativement complete a partir de la region de Diagonal Mountain (region 
cartographique de McConnell Creek, 94D, moitie ouest). Ce profil stratigraphique englobe les couches 
rayees (<<pyjama beds») du Groupe de Hazelton et la Formation d' Ashman du Groupe de Bowser Lake. 
Les ammonites recueillies dans les profils mesures datent de la periode s'etendant du Toarcien a la fin du 
Callovien, mais la presence auparavant notee de fossiles datant du Pliensbachien et de I'Oxfordien n'a pas 
ete confirmee. Des strates anterieures au Groupe de Bowser Lake affleurent suivant une bande nord-ouest 
sud-est allant du mont Diagonal (94D/I 1) vers Ie nord-ouest au pic Melanistic (94D/13). 
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INTRODUCTION 

Strata of the Bowser Basin are critical to understanding the 
geological history of the Stikine and Cache Creek terranes. 
Bowser Lake Group strata cover much of the basin, and pre
Bowser Lake Group rocks of the Hazelton Group are gener
ally restricted to the margins of the basin. Clastic sediments 
of the Hazelton Group and coeval strata of the Spatsizi Group 
occur in the Iskut, Telegraph Creek, Spatsizi, McConnell 
Creek, Hazelton, and Smithers map areas. Complete strati
graphic sections are rare along the eastern margin of the basin. 
Preliminary work (Jeletzky, 1976; Tipper, 1976; Tipper and 
Richards, 1976) indicated that the stratigraphic sequence at 
Diagonal Mountain is the most complete section along the 
eastern margin of the basin, ranging in age from Pliens
bachian to Oxfordian. This central area is of critical import
ance in linking the northern and southern margins of the 
basin. The extent of pre-Bowser Lake Group rocks in the 
Diagonal Mountain area was not known prior to this study, 
and the mapping of such strata to the northwest and southeast 
was undertaken. In addition, selected areas underlain by 
Bowser Lake Group and Sustut Group were mapped. 

STRATIGRAPHY 

In the Diagonal Mountain area, distinctive "pyjama beds" 
assigned to the Hazelton Group by Tipper and Richards 
(1976) grade up through a transitional zone into rocks of the 
Ashman Formation of the Bowser Lake Group. These are 
overlain in tum by the Tango Creek Formation of the Sustut 
Group. 
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Hazeltoll Group 

In the study area (Fig. 1), pre-Bowser Lake Group rocks are 
represented by "pyjama beds", distinctive laminated siliceous 
siltstones with a banded appearance. They are widespread 
and occur in the Iskut, Telegraph Creek, and Spatsizi map 
areas (Anderson and Thorkelson, 1990; Evenchick, 1988, 
1991, 1992). Tipper and Richards (1976) assigned them to 
the Yuen Member of the Smithers Formation (Hazelton 
Group) in the southern Bowser Basin. Thomson et al. (1986), 
working in the Spatsizi area, assigned them to the Quock 
Formation of the Spatsizi Group. 

The "pyjama beds" are extremely hard, siliceous rocks 
and are well bedded, usually 10 to 15 cm thick but some beds 
may be 1 to 30 cm thick. The beds are commonly interbedded 
with fine- to medium-grained tuff layers (1 -3 cm thick) which 
are in many places greenish to white and weather rusty to 
black. The siltstone usually weathers rusty but some black 
manganese oxidation may also be present. Some siltstone 
beds are finely layered and may have convoluted bedding or 
slump structures. Buff- to rusty-weathering calcareous 
concretions are present and may exceed 1 m in diameter. 
Several intervals within the "pyjama bed" sequence contain 
pink weathering tuff layers in a black siltstone which may 
weather light grey. The "pyjama beds" are highly variable 
with some parts showing distinctive black/white banding 
with some pinkish weathering layers as well. Other parts are 
primarily black siltstone with thin (0.5 to 1 cm) white bands 
and rusty weathering, light coloured ash layers. The well 
banded sequence seems to repeat at least three times, once 
near the base of the section, once near the middle, and once 
at the top. Based on ammonites collected in 1992, this unit is 
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Figure 1. Location of the Bowser and Sustut basins with respect to morphogeological belts in the Canadian 
Cordillera (left), and location of the study area in McConnell Creek map area with respect to the Bowser and Sustut 
basins (morphogeological belts after Gabrielse and Yorath, 1989). Solid rectangle is location of Figure 2. 



Toarcian to Bajocian in age. Tipper and Richards (1976) 
mentioned the occurrence of Pliensbachian strata but this was 
not confirmed. Fossils in the "pyjama beds" are more 
common than in the overlying Ashman Formation, which is 
intensely cleaved. Belemnites, bivalves, and ammonites are 
common. 

The basal contact of the "pyjama beds" is not exposed in 
the study area. The contact with the overlying Ashman 
Formation of the Bowser Lake Group is transitional. The 
frequency and thickness of the tuff bands and ash layers 
decreases upsection and the rocks become intensely cleaved. 
This interval is similar to some of the less tuffaceous "pyjama 
beds", and it is probably better at this time to include the 
transitional rocks in the "pyjama beds" rather than the 
Ashman Formation. 
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Ashman Formation of the Bowser Lake Group 

Two facies can be recognized in the study area, a fine- to 
medium-grained siltstone/sandstone unit with minor chert 
granule/pebble conglomerate overlain by a medium-grained 
sandstone unit with thick (up to 10 m) chert-pebble conglo
merate beds. 

The basal siltstone/sandstone unit coarsens upwards with 
siltstone predominating at the base of the unit and sandstone 
and conglomerate predominating at the top of the unit. The 
siltstone commonly weathers a rusty colour, although lower 
in the unit a more medium- to dark-grey weathering is also 
seen. Buff- to grey-weathering calcareous concretions are 
present and may contain pyrite. The siltstone is generally in
tensely cleaved and faulted and fossils are poorly preserved, 
although limestone concretions yielded several well pre
served ammonite collections. 

1270 05' 

Figure 2. General geological map of the Diagonal Mountain area in 
northeast McConnell Creek map area. 
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The siltstone is overlain by interbedded siltstone, 
sandstone, and conglomerate. The lowermost sandstone bed 
(approximately 10-20 m thick) contains a basal chert-granule 
layer just above the siltstone. Above this unit is a sequence 
of interbedded siltstones and sandstones. The siltstones are 
black with rusty weathering and intensely cleaved. Some 
sandstone units contain chert granule/pebble conglomerate 
layers. The medium grained, grey sandstone may contain 
whitish weathering, black siltstone clasts and often contains 
graded bedding, crossbedding, and ball and pillow structures. 
Ammonites are rare and generally poorly preserved due to the 
pervasive cleavage. The upper contact is not exposed in the 
study area. 

The overlying medium grained sandstone/conglomerate 
unit is exposed north of Thutade Lake. Interbedded fine 
grained, medium grey sandstone and black siltstone occur in 
beds 10 to 20 m thick. These are interbedded with thick 
(10-20 m) beds of rusty weathering chert-pebble conglo
merate. Ripple marks, bioturbation marks, and crossbedding 
occur in the sandstone. Several coquina layers containing 
abundant ammonites, belemnites, bivalves, and plant 
fragments were encountered. This unit is Oxfordian in age. 
The lower contact of the unit is not exposed in the study area. 

Tango Creek Formation of the Sustut Group 

Rocks of the nonmarine Tango Creek Formation were 
encountered north of Thutade Lake. They are composed 
primarily of buff weathering, coarse- to medium-grained 
sandstone. Plant fragments and black siltstone clasts are com
mon. The sandstone is interbedded with siltstone and conglo
merate. The siltstone is generally black, recessive, and 
weathers a brownish green. In the western part of the outcrop 
area, purple and green siltstones and fine sandstones are more 
common and are key marker units. Several conglomerate 
units are present: a siltstone-pebble conglomerate, a chert
pebble conglomerate, and a quartz pebble/cobble conglo
merate. The upper contact of the Tango Creek Formation was 
not encountered in the study area. The disconformable basal 
contact with the Bowser Lake Group is well exposed at 
several areas. On the ridge to the north of Thutade Lake, the 
contact as drawn by Eisbacher (1974) should be positioned 
1 km to the east. 

DISCUSSION 

Work completed during the field season indicates that the 
clastic strata of the Hazelton Group extend in a roughly 
northwest-southeast band from Diagonal Mountain (Fig. 2). 
Evenchick and Porter (1993) also reported the occurrence of 
Hazelton Group rocks at Melanistic Peak (94D/13), some 
15 km to the northwest of the study area, on trend with the 
strata at Diagonal Mountain. 
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A series of biostratigraphic sections measured at Diagonal 
Mountain yielded a succession ranging in age from Toarcian 
to Callovian. Sedimentological and organic maturation samples 
collected from the sequence will aid in unravelling the geo
logical history of this part of the Bowser Basin. 
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CA. Evenchick and Porter, 1.S., 1993: Geology o/west McConnell Creek map area, British 
Columbia; in Current Research, Part A; Geological Survey o/Canada, Paper 93-1A, p. 47-55. 

Abstract: West McConnell Creek map area (94D) is underlain mainly by Middle Jurassic to Upper 
Jurassic Bowser Lake Group. Other bedrock map units, in order of abundance, are the Lower to Upper 
Cretaceous Sustut Group, Late Cretaceous plutonic rocks, and Lower Jurassic Hazelton Group volcanic 
and clastic rock, including clastic rocks stratigraphically equivalent to the Troy Ridge facies of the Salmon 
River Formation in Iskut area, and Yuen member of the Smithers Formation in the Hazelton area. Strata 
of the Bowser Lake Group are divided into 5 lithofacies assemblages, representing depositional 
environments ranging from deep marine, to open shallow marine, deltaic, and nonmarine. 

Cretaceous and older stratified rocks are intensely folded and faulted, and are considered part of the 
Skeena Fold Belt. Northeast verging structures are ubiquitous. 

Resume: Le sous-sol du secteur cartographique de West McConnell Creek (94D) contient 
principalement des roches du Groupe de Bowser Lake du Jurassique moyen a superieur. Les autres unites 
cartographiques du substratum rocheux, selon leur ordre d'abondance, sont Ie Groupe de Sustut du Cretace 
inferieur a moyen, des roches plutoniques datees du Cretace tardif, et des roches volcaniques et clastiques 
du Groupe de Hazelton situe dans Ie Jurassique inferieur, notamment des roches clastiques qui sont les 
equivalents stratigraphiques du facies de Troy Ridge dans la formation de Salmon River, situee dans la 
region d'Iskut, et du membre de Yuen dans la Formation de Smithers situee dans la region de Hazelton. 
On peut subdiviser les strates du Groupe de Bowser Lake en cinq assemblages de lithofacies, qui 
representent des milieux sedimentaires varies, du type milieu marin pro fond passant a un milieu 
epicontinental ouvert, puis a un milieu deltalque, et enfin a un milieu non marin. 

Les roches cretacees et d 'autres roches stratifiees plus anciennes sont intensement plissees et faillees, 
et on considere qu'eUes font partie de la zone de plissement de Skeena. Des structures de vergence nord-est 
se retrouvent partout. 

) Department of Geology and Geophysics, University of Calgary, 2500 University Drive N.W., Calgary, Alberta 
T2N IN4 
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INTRODUCTION 

Regional mapping of west McConnell Creek map area (94D; 
Fig. 1) was undertaken in June and July 1992 as part of a 
3-month reconnaissance of the central Bowser Basin (see 
Evenchick et a\., 1993 1) intended to complement the more 
detailed mapping to the north (Evenchick, 1987, 1988, 1989, 
1991 a,b, 1992; Evenchick and Green, 1990) and south 
(Tipper and Richards, 1976; Richards, 1990). Study of the 
northern Bowser Basin was initiated in 1985 to gain an 
understanding of the depositional, thennal, and structural 
histories of the northern basin. West McConnell Creek map 
area was a crucial gap of mapping on the east side of the basin. 

The study area is underlain primarily by Middle to Upper 
Jurassic strata of the Bowser Lake Group (Fig. 2). The 
northeast and east-central areas are underlain by the 
Cretaceous Sustut Group, mapped by Eisbacher (1974). 
Small areas of Lower to Middle Jurassic Hazelton Group 
occur along the east side of the map, and late Cretaceous(?) 
plutons (Bulkley intrusions) occur in the southeast. Although 
east McConnell Creek area has been mapped at a regional 
scale (Richards, 1976a,b), the only published data on west 
McConnell area are a stratigraphic study of the Bowser Lake 
Group by Jeletzky (1976), and a regional study of the Sustut 
Basin by Eisbacher (1974). Eisbacher's map outlining the 
Sustut Basin and surrounding strata is the only available map 
of the area. Tipper and Richards (1976) referred to some 
sections in the area in a treatment of Mesozoic stratigraphy 
of north-central British Columbia. Ubiquitous folds in 
Cretaceous and older strata are part of the Skeena Fold Belt, 
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encompassing the entire Bowser Basin, southwest Sustut 
Basin, and involving underlying Hazelton Group and lower 
strata (Evenchick, 1991 b). This preliminary report of 
reconnaissance mapping in McConnell Creek map area 
focuses on the Bowser Lake Group. 

HAZELTON GROUP 

The Lower to Middle Jurassic Hazelton Group is widespread 
in east McConnell Creek map area, but underlies less than 10 
km2 of the west side of the map area (Fig. 2). In the east, it 
is typical in that it is mainly volcanic and volcaniclastic, with 
a clastic upper part below the Bowser Lake Group. The upper 
strata include distinctive thinly bedded siliceous siltstone, 
shale and tuff(?), infonnally called "pyjama beds" throughout 
the region, but with local names of Quock Fonnation (of 
Spatsizi Group) in Spatsizi map area, Troy Ridge facies of 
the Salmon River Fonnation in Iskut area, and Yuen member 
of the Smithers Fonnation in Smithers and Hazelton map 
areas (Tipper and Richards, 1976; Thomson et a!., 1986; 
Anderson and Thorkelson, 1990). 

Most of the volcanic rock in west McConnell Creek map 
area is exposed along a ridge northwest of Mount Patcha. 
There, amygdaloidal basalt and andesite flows are 
interbedded with breccia and grey and maroon weathering 
tuff. Metavolcanics also occur east of Motase Peak where 
they are overlain by slate and phyllite. East of Bird Hill are 
coarse-bladed feldspar porphyry, maroon weathering 
volcaniclastics, and massive rhyolite or dacite, continuous 
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Figure 1. Location of the Bowser Basin in the Canadian Cordillera, McConnell Creek (west half) map area, 
and NTS map areas referred to in text. 

I This preliminary report on the geology of the Bowser Lake map area (NTS 104 A) will be released as GSC Open 
File 2582 in January 1993. 
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with volcanic rocks in east McConnell Creek area considered 
to be Lower Jurassic Hazelton Group (Telkwa Formation) by 
Richards (1976b). Primary relationships here are poorly 
exposed, but it seems that the volcanic rocks are overlain by 
typical "pyjama beds"; found only in talus. The presence of 
Bowser Lake Group to the southwest limits the thickness of 
these strata to less than 100m. All strata are overlain by basal 
Sustut Group. 

"Pyjama beds" are also spatially associated with volcanic 
rocks east of Motase Peak, but more detailed work is required 
to determine the extent and nature of Hazelton Group clastic 
rock. Clastic rock west of Mount Patcha and north of Motase 
Peak may also include Hazelton Group. A relatively large 
area underlain mainly by "pyjama beds" occurs in a northwest 
belt through Diagonal Mountain. Descriptions and age of 
these strata are given by Jeletzky (1976) and Jakobs (1993). 
At Melanistic Peak about 100 m of rusty, grey and white 
weathering siliceous siltstone including rare "pyjama beds" 
and lenses of grey limestone occur in the core of an 
overturned anticline, and are gradationally overlain by dark 
weathering fine grained sandstone and medium grained chert 
arenite of the Bowser Lake Group. 

BOWSER LAKE GROUP 

The Bowser Lake Group underlies 80% of the map area 
(Fig. 2). A summary of the nomenclature for the group in 
surrounding areas is given by Evenchick et a!. (1993). The 
first descriptions of the Bowser Lake Group in this region are 
those of Jeletzky (1976). Tipper and Richards (1976) divided 
the group into the Ashman Formation and overlying 
undivided Bowser Lake Group. The former applies to mainly 
marine shale, sandstone and minor conglomerate of Late 
Bajocian to Early Oxfordian age, and the latter to shallow 
marine to nonmarine facies of Late Oxfordian to 

Figure 3. View west to lens of chert-pebble conglomerate in 
fine grained sandstone and siltstone facies. 
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Kimmeridgian age. Included in the upper, undivided, 
Bowser Lake Group are the Netalzul volcanics, minor 
components of the group not present in the northern basin. 
Bowser Lake Group in McConnell Creek west half is 
tentatively divided into 5 lithofacies assemblages inferred to 
represent general environments of deposition. 

Fine grained sandstone and siltstone facies 

Sections composed mainly of fine grained sandstone, 
siltstone, and mudstone occur in the northeast corner of the 
map (Fig. 2). Strata between the two areas described below 
are the subject of research begun in 1992 by Jakobs (1993). 

Melanistic Peak 

Northwest and southeast of Melanistic Peak is a section at 
least 1000 m thick, composed of more than 90% black 
siltstone and fine grained sandstone. Sedimentary structures 
are parallel lamination, graded bedding, fine bioturbation, 
slump folds , and rare flame structures. Less than 10% of the 
section is composed of 10-20 m thick sheets of medium 
grained chert arenite, and lenses of chert pebble 
conglomerate. The thickest accumu lation of medium grained 
arenite is in the basal 200 m of the Bowser Lake Group, where 
about 50% is composed of massive or parallel laminated thin 
to thick sandstone beds in 3 to 10 m intervals. Conglomerate 
occurs only as thin beds near the base of some sandstone 
intervals, and as discrete lenses up to 40 m thick higher in the 
section (west of Melanistic Peak, Fig. 3). These strata are 
interpreted to have been deposited as distal, or low density 
turbidites. Sandy submarine fans are rare, with the largest 
accumulation at the base of the group. The thick, repetitive 
sandy turbidite fans common in west Bowser Lake area 
(Even chick et a!., 1993) are absent. Higher in the section 
lenses of chert-pebble conglomerate may represent 
submarine channels cut through the shelf or slope. These 

Figure 4. Rippled and bioturbated siltstone and fine grained 
sandstone near Mount Tommy Jack. 



strata are lithologically similar to, and continuous with, the 
fine grained sandstone/siltstone facies in Toodoggone map 
area to the north (Evenchick, 1992). 

East of Bird Hill 

East of Bird Hill is at least 1000 m of moderately rusty 
weathering mainly fine grained clastics. Resistant siliceous 
fine grained sandstone beds 5-100 cm thick are interbedded 
with 1-100 cm thick crumbly to fissile dark very fine grained 
sandstone and siltstone. The upper part of this succession 
includes white weathering, moderately siliceous, thin to thick 
bedded fine and medium grained sandstone, in places rippled, 
1 to 2 m of volcanic breccia (probably Netalzul volcanics) 
and rare thin grey weathering limestone. Ammonites in the 
upper part are Oxfordian in age (G. Jakobs, pers. comm., 
1992). The repetitive interbedded sheets of fine and medium 
grained sandstone are interpreted to be distal turbidites. 

Sandstone, siltstone Jacies 

Mount Tommy Jack and east 

From Mount Tommy Jack east, and north to the Sicintine 
River is a thinly layered succession of grey and green 
weathering siltstone, fine grained sandstone, medium grained 
sandstone, coquina, and rare conglomerate. One to three 
metres of thinly interbedded to laminated fine grained 
sandstone and siltstone are intercalated with 1-20 m of 
massive litharenite (including calcareous bivalve rich sands 
and coquina marker beds), and with thick intervals dominated 
by siltstone. Sedimentary structures in the finer grained strata 
are parallel lamination, ripple marks, flaser bedding, 
bioturbation (including vertical burrows), and escape 
structures (Fig. 4). Plant debris is common on bedding 
planes. In general, the section is about 50% medium grained 
sandstone, and 50% finer grained rocks, although the 
proportion varies considerably through the section. 
Sedimentary structures are indicative of very shallow marine 
environment. Paleocurrents show a wide range from 
southwest to north-northeast, similar to those reported by 
Jeletzky (1976) for the lower part of the section. These strata 
have many similarities to those south of Poison Mountain in 
Bowser Lake area (Evenchick et aI., 1993). According to 
Jeletzky, they are Late Oxfordian in age. 

Notchtop Peak and Foster Peak region 

Ranges from south of Notchtop Peak to Foster Peak are 
underlain by at least 800 m of distinctively dark and resistant 
weathering strata. Most of the section is more than 70% 
medium grained sandstone, which occurs in 3-8 m intervals 
separated by <1-4 m of black laminated fine grained 
sandstone and siltstone (Fig. 5). The medium grained 
sandstone intervals are massive to vaguely parallel laminated, 
and commonly include random siltstone rip up clasts. In 
places thin bedded to laminated black fine grained sandstone 
is also included, and sandstone may be capped by thin bedded 
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rippled sandstone. In the east, (lower in section ?) the bases 
of sandstones may include pebble conglomerate. Near the 
top of the section west of Notchtop Peak, up to 200 m is 
composed almost entirely of dark weathering laminated, thin 
bedded, and massive siltstone and fine grained sandstone. 
The dominantly sandstone intervals may represent storm 
deposits with ripples formed during post-storm reworking. 
They may also have been deposited on the delta front, but the 
section does not coarsen up. Jeletzky (1976) grouped these 
strata with those at Mount Tommy Jack, but these have 
consistently more medium grained sandstone and lack the 
assemblage of very shallow marine sedimentary structures 
present at Mount Tommy Jack. 

North of Fort Mountain 

Immediately northwest of Fort Mountain (Fig. 2) strata 
comprise 1-15 m massive medium grained sandstone 
separated by similar thicknesses of black to grey fine grained 
sandstone and siltstone. Medium grained sandstone is thin to 
thick bedded, with parallel to irregular bedding, and rounded 
large siltstone rip up clasts. Finer grained clastics are massive 
to laminated, have common bioturbation and rare 
crossbedding. Conglomerate is rare, comprising less than 5% 
of the section. These strata have many similarities with those 
between Foster Peak and Notchtop Peak, particulary the 
nature of medium grained sandstone intervals, but this area 
has a smaller proportion of medium grained sandstone, and 
although rare, conglomerate is present. 

Farther northwest, strata are mainly sandstone (and 
pebbly sandstone) and siltstone, with minor massive clast 
supported chert-pebble conglomerate units to 10+ m. 
Crossbedding and hummocky cross-stratification occur, as 
well as bivalves, belemnites, and plant fossils. The presence 
of hummocky cross-stratification is an indication of a shallow 

Figure 5. View southwest of 150 m of resistant sandstone 
beds in sandstone, siltstone facies. 
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marine environment. Areas northwest of Fort Mountain 
appear to represent a transition between strata of the Foster -
Notchtop area, and the Geodfrey - Malloch - Chipmunk area, 
with the proportion of conglomerate increasing northwards 
from Fort Mountain. 

Figure 6. View northwest to folded conglomerate in the 
conglomerate, sandstone, siltstone facies northeast of Mount 
Geodfrey. 

A 

Conglomerate, sandstone, siltstone Jacies 

Mount Geodfrey, Malloch Peak and Chipmunk Peak 

Between Mount Geodfrey, and Chipmunk and Malloch peaks 
is at least 1000 m of section with up to 30% chert-pebble 
conglomerate. Siltstone and fine and medium grained 
sandstone are generally thinly interbedded between the 
conglomerate sheets, although in places up to 30 m or more 
is dominated by either medium grained sandstone or siltstone 
and fine grained sandstone. Siltstone and fine grained 
sandstone is parallel laminated to massive. Some siltstone 
and mudstone is carbonaceous and densely packed with 
plants. Medium grained sandstone is massive to crossbedded 
and rippled, and some is clean chert arenite. Conglomerate 
is clast supported, often appears massive or crudely bedded, 
with rare crossbedding, and generally occurs as sheets, 
but lateral pinching out is apparent in many places. 
Conglomerates range from 5 to 50 m thick (Fig. 6), in places 
as part of coarsening up cycles, but also as channels cut into 
siltstone and fine grained sandstone. Bioturbation, marine 
and nonmarine fossils, including delicate plants and silicified 
tree parts are common. These strata were probably deposited 
in a shallow marine / deltaic environment. They are on trend 
with similar facies to the northwest in Toodoggone map area 
(Evenchick, 1992). 

Sandstone, conglomerate, siltstone and coal Jacies 

East of Malloch Peak and around Mount Geodfrey are strata 
with many characteristics described above, but including 
coal. The section at Mount Geodfrey is different in that 
conglomerate is rare in the upper part. About 300 m of 
section is composed of 0.5 to 1 m of sandstone interbedded 
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Figure 7. Cross-sections of strata in west McConnell Creek map area. No vertical exaggeration. 
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with the same thickness of fine grained sandstone and 
siltstone. Ripples, crossbedding and parallel lamination are 
common. Coal is up to 3 m thick. Near Malloch Peak a 
horizon of tuff 1-4 m thick was used locally as a structural 
marker. Its regional significance is unknown. 

Buff weathering sandstone siltstone facies 

South of the Skeena River and northeast of Sicintine River, 
buff weathering strata are distinctly different from other 
Bowser Lake Group in the region. The strata were only 
briefly examined by us, but are about 50% medium grained 
poorly bedded sandstone and 50% laminated and massive 
siltstone and fine grained sandstone. These lithologies are 
interlayered in 1 to 10 m intervals, they lack marine fossils, 
and in at least one place, have in situ roots. These strata are 
greater than 500 m thick, and from a distance, their general 
appearance is more like the fluvial Tango Creek Formation 
of the Sustut Group than the Bowser Lake Group. The 
absence of detrital mica and lateral continuity with Bowser 
Lake Group suggest that these are not Sustut Group, but 
probably nonmarine Bowser Lake Group. leletzky (1976) 
considered them to be of subaerial, delta topset origin. 

SUSTUT GROUP 

A regional study of the Sustut Group outlines the stratigraphy 
and tectonic evolution of the Sustut Basin (Eisbacher, 1974). 
The Cretaceous, nonmarine strata are divided into two 
formations, each composed of two members. The Sustut 
Group was examined only briefly by us where it is in contact 
with older rocks. Sustut Group is unusual east of Mount 
Patcha, where Hazelton Group is overlain by only 80 to 100 
m of Tango Creek Formation. This uncommonly thin lower 
formation of the Sustut Group is overlain by Brothers Peak 
Formation with at least 10m thick intervals of tuff. 

PLUTONIC ROCKS (BULKLEY INTRUSIONS) 

Three plutons occur in the southern map area. They are 
compositionally similar granodiorite to monzodiorite and 
quartz monzonite, with varying amounts of potassium 
feldspar megacrysts, and minor hornblende and biotite. They 
are leucocratic, massive, medium to coarse grained, and 
include aplitic dykes. They have sharp intrusive contacts 
with the clastic country rock, and form many dykes and 
apophyses into the country rock. The plutons are surrounded 
by a rusty weathering zone up to a kilometre or more wide 
with quartz veins and sulphide mineralization. In the pluton 
southwest of Sicintine River, hornfels overprints cleavage in 
the Bowser Lake Group up to 100 m away from the contact, 
and the first appearance of randomly oriented andalusite 
porphyroblasts is 40 m from the contact. South of Motase 
Peak, gamet, andalusite, and cordierite (?) are in the 400 to 
500 m wide contact aureole of the pluton. A contact aureole 
up to 800 m wide surrounds the pluton west of Mount Patcha. 
The overprinting of cleavage by hornfels, and dykes along 
and across fold axes indicate that these plutons are either late, 
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or post-tectonic with respect to structures of the Skeena Fold 
Belt in the immediate country rock. In some places cleavage 
appears to be parallel with the margins of the pluton. These 
are the northern limit of a belt of Late Cretaceous to Early 
Tertiary plutons called the Bulkley intrusions. Their age is 
assumed to be Late Cretaceous or Early Cretaceous based on 
K-Ar dates of Bulkley intrusions 80 km to the southeast 
(Richards, 1990). This age does not preclude younger Skeena 
Fold Belt structures at depth in this region. 

STRUCTURAL GEOLOGY 

The general structural style is depicted in cross-section 
(Fig. 7) and stereonets of poles to bedding (Fig. 8). As noted 
by leletzky (1976), Bowser Lake Group strata in the area 

Figure 9. View northwest to overturned folds northeast of 
Notchtop Peak. 

Figure 10. View southeast to bedding-parallel faults west of 
Notchtop Peak. 



fonn tight folds overturned to the northeast. These folds, and 
others in Cretaceous and older strata are part of the Skeena 
Fold Belt, encompassing the entire Bowser Basin, southwest 
Sustut Basin, and involving underlying Hazelton Group and 
lower strata (Evenchick, 1991 b). Most strata in west 
McConnell Creek area have strong closely spaced cleavage 
in siltstone and fine grained sandstone. Cleavage is less 
common in medium grained sandstone, and rare in 
conglomerate. Cleavage is more prevalent, and generally 
more intense than in the Bowser Lake map area to the west 
(Evenchick et ai., 1993). Folds trend consistently north
northwest to northwest, and have gentle plunge (Fig. 8), 
consistent with neighbouring areas to the west and north 
(Evenchick, 1992; Evenchick et ai., 1993). Folds are 
frequently a kilometre or less in wavelength, overturned to 
the northeast (Fig. 9), and consistently northeast verging 
(Fig. 7), in contrast to central Skeena Fold Belt (Bowser Lake 
map area) where domains of west vergence and many upright 
folds with no consistent vergence are also present. Bedding
parallel contractional faults (Fig. 10) are also present, but are 
only recognized where they cut upsection; they are generally 
of unknown magnitude of displacement. Truncation of 
contacts east of Bird Hill by the Sustut Group is an indication 
of pre-Sustut Group defonnation, probably related to early 
history of the Skeena Fold Belt (Evenchick, 1991 b). 

The fine grained sandstone, siltstone facies comprises the 
northeastern-most exposures of Bowser Lake Group, and in 
a sense fonn the eastern "margin" of the Bowser Basin, 
although they are not the most proximal lithologies. The 
distribution of lithofacies is clearly as much a result of post
depositional contractional defonnation as primary basin 
architecture. The result of consistent east vergence in 
structures in the Bowser Lake Group is exposure of deeper 
structural (and stratigraphic) levels to the east, an inference 
born out by the presence of outliers of Hazelton Group clastic 
rocks, and stratigraphically overlying basal Bowser Lake 
Group along the northeastern side of Bowser Lake Group 
exposure. 
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Crow Lagoon tephra - new evidence of Recent 
volcanism in west-central British Columbia 
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Souther, JG. and Weiland, l, 1993: Crow Lagoon tephra-new evidence a/Recent volcanism in 
west-central British Columbia; in Current Research, Part A; Geological Survey 0/ Canada, 
Paper 93-1A, p. 57-62. 

Abstract: Thick beds of unconsolidated basaltic tephra, uncovered during construction ofa forest-access 
road near Crow Lagoon north of Prince Rupert, are believed to have issued from a previously unknown 
Quaternary centre. The tephra rests on marine clay and sand at elevations of 60 to 100 m above sea level. 
It consists predominantly of subaerial Plinian fallout lapilli but large ballistically emplaced bombs and 
accidental clasts of basement rock imply a nearby, but still unidentified source. The presence of lherzolite 
inclusions suggests an alkaline affinity and deep magmatic source. 

Resume: D'epaisses couches de tephra non consolides, mises a decouvert pendant la construction d'une 
route forestiere d'acd:s pres de la lagune Crow au nord de Prince Rupert, proviendraient d'un centre 
magmatique quaternaire jusqu'ici inconnu. Les tephra reposent sur des argiles et sables marins a une altitude 
de 60 a 100 m au-dessus du niveau de la mer. lis se composent principalement de lapilli, qui sont les 
retombees subaeriennes d'eruptions vulcaniennes, mais Ja presence de bombes volcaniques de grande taille 
projetees a grande distance et de c1astes sporadiques provenant de roches du socle laissent supposer 
I'existence d'une source magmatique proche, encore non identifiee. La presence d'inclusions de lherzolite 
semble indiquer des affinites alcalines et I'existence d'une source magmatique de grande profondeur. 

I P.O. Box 222. Smithers. B.C. VOl 2NO 

57 



Paper/Etude 93-1A 

INTRODUCTION 

In the fall of 1991 a new forest-access road was contracted by 
the British Columbia Ministry of Forests on the south side of 
Khutzeymateen Inlet near Crow Lagoon. In the spring of 1992 
the area was visited by Irene Weiland, a geological consultant 
for the Forest Service in Smithers, B.c. She identified the 
material exposed in new roadcuts as marine sediment overlain 
by recent volcanic tephra and provided samples and a location 
map to the Geological Survey of Canada office in Vancouver. 
The juxtaposition of Recent tephra deposits with the steep
sided circular depressions of Crow Lagoon and nearby 
Kumeon Lake raised the intriguing possibility that these 
anomalous circular features might be of volcanic origin. This 
prompted a visitto the area by J.G. Souther in September 1992 
during which samples were collected for chemical analysis 
and radiocarbon dating. The following preliminary report 
incorporates observations by both authors. 

REGIONAL GEOLOGICAL SETTING 

Crow Lagoon is a nearly circular marine embayment connected 
by a narrow channel to Khutzeymateen Inlet about 40 km north 
of Prince Rupert. The area lies within the Coast Plutonic Complex 
and is shown on the regional geological map (Hutchison, 1982) 

as Jurassic (?) and/or younger gneissic diorite and quartz 
diorite containing inclusions of paragneiss. Although Recent 
volcanic deposits were not previously reported at Crow 
Lagoon seveml centres of Recent volcanism occur in the 
geneml area (Fig. I). The 220 year old Aiyansh lava flow and 
pyroclastic cone (Sutherland Brown, 1969) is located about 
75 km to the northeast of Crow Lagoon, and a cluster of 
postglacial cones and flows on Behm Canal in southeast 
Alaska (Berg et aI., 1978) are located about 80 km to the 
northwest. 

LOCAL GEOLOGY 

The Crow Lagoon area is heavily forested; the only contiguous 
outcrops are those along the shoreline, on steep cliffs facing 
the ocean, and those exposed in roadcuts along the new 
forest-access road (Fig. 2). 

Bed rock geology 

Strongly foliated quartz diorite, amphibolite, and pamgneiss 
form all of the shoreline outcrops and cliffs facing 
Khutzeymateen Inlet and Crow Lagoon. No dykes which could 
be interpreted as feeders for the tephra deposits were found 
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Figure 1. Index map showing the location of Crow Lagoon area 
(Fig. 2) and adjacent areas of Recent volcanic rocks (black). The 
"sunbursts" are pyroclastic cones. 

58 



Quaternary 

V» >J Basaltic tephra 
1111 11111 Marine clay and sand 

Mesozoic 

t:~':-::~~ I Quartz diorite, gneiss 

-- Road 
Contour Interval 100 feet 

o 500 1000 
LI ---~m----I 

Figure 3. 

Basaltic Plinian fallout lapilli 
resting on marine clay near the 
western end of the forest-access 
road . 
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Figure 2. 

Sketch map of Crow Lagoon area 
showing the distribution of Recent 
tephra and bedrock outcrops. "A" 
and "B" mark poss ible vent 
locations. 
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Figure 4. Beds of plinian fallout tephra containing numerous accidental clasts of 
basement quartz diorite. 

Figure 5. Thin bedded marine silt and clay overlain by a thick bed of evenly sized 
fallout lapilli . Geologist's hand points to buried log collected for radiocarbon dating. 



J.G. Souther and I. Weiland 

Figure 6. Detail of coarse tephra containing accidental clasts of granitic rock and a 
small chip of carbonized wood (near white end of pen). 

cutting these rocks nor was anything seen in the bedrock 
geology that might account for the unusual, steep-sided, 
circular form of Crow Lagoon and nearby Kumeon Lake. 

Marine sediments 

From its terminus on Kumeon Bay for a distance of about 
1 km the new road exposes plutonic bedrock. At an elevation 
of about 60 m, the foliated quartz diorite is overlain by up to 
10m of marine clay. Farther inland, at higher elevations, this 
grades upwards into fine, well sorted sand ofprobable marine 
origin. Examination of the sand with a hand lens reveals no 
evidence of a volcanic component, suggesting that no local 
source of volcanic material was present prior to eruption of 
the overlying tephra (Fig. 3). 

Basaltic tephra 

For a distance of more than 2 km along the road, the marine 
sediments are overlain by loosely compacted beds of porous 
basaltic tephra. With the exception of local channelling the 
contact is conformable. The tephra appears to mantle the existing 
surface, and initial dips ofthe tephra, which vary from flat-lying 
to about 30°, are commonly parallel to the slope - apparently 
controlled by the underlying topography. The tephra is at least 
12 m thick but its total thickness is unknown. 

At low elevations, near the western end of the road, the 
lower 1 to 2 m of tephra display complex crosslaminations 
and channelling. The tephra fragments, which vary from fine 
lapilli to clinkers 5 cm across, are slightly abraded and have 
clearly been reworked by stream or wave action. Farther 
inland the beds are planar with normal and reverse grading 

typical of subaerial Plinian fallout deposits. Accidental clasts 
of basement quartz diorite are present throughout the tephra 
deposits (Fig. 4). They are largest and most numerous where 
the road crosses the ridge north of Kumeon Lake. There, 
angular blocks of granitic rock up to half a metre across are 
suspended in otherwise homogeneous beds of fallout lapill i. 
A few breadcrust and spindle bombs up to 30 cm across were 
found in this same area. Some of the bombs are cored with 
small angular lherzolite inclusions and similar lherzolite is 
present within the tephra as sparse spherical inclusions up to 
8 cm across. These nodules suggest an alkaline affinity and 
deep source for the magma. 

At two localities small logs were found buried in marine 
sediments a short distance below the base of the tephra 
(Fig. 5) and at one locality small fragments of carbonized 
wood were recovered from a coarse, firmly compacted and 
cemented tephra bed (Fig. 6). All of this material has been 
submitted for radiocarbon dating. 

SOURCE OF THE TEPHRA 

The relatively large accidental clasts and bombs on the ridge 
north ofKumeon Lake must have been emplaced ballistically 
from a nearby source or rafted in by ice. Lacking any other 
evidence of subaqueous or subglacial origin the latter seems 
unlikely. However, if the pyramid-shaped hill north of 
Kumeon Lake was the location of the vent (site A, Fig. 2) then 
the pyroclastic cone must be confined to its southern flank 
because quartz diorite is exposed along its entire southern 
side. 
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A second possible location for the vent (site B, Fig. 2) is 
suggested by a pronounced knickpoint in the stream east of 
Crow Lagoon. Below this point the stream has cut a narrow, 
steep-sided valley. In contrast the stream above this point 
meanders across a flat, aggraded floodplain. This could be the 
result of temporary damming of the stream by a cinder cone. 

ORIGIN OF CROW LAGOON AND 
KUMEONLAKE 

Although the present investigation found no direct evidence 
of a volcanic origin for these features, their unusual 
morphology remains unexplained. It is difficult to visualize 
how such small circular depressions could be eroded to such 
a great depth by glacier ice. If they are of volcanic origin, 
either the product of phreatic explosions or collapse due to 
withdrawal of magma, they were clearly formed long before 
the nearby tephra was erupted. 
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Paper 93-1A, p. 63-67. 

Abstract: The 1992 mapping of Taseko Lakes (920) focused on the northwest quadrant, namely 
920/11,12,13 and the southwest comer of 920/14. The region is largely drift covered and thick sequences 
of glacial fluvial deposits occupy river valleys. Flows of Chilcotin basalt are laterally extensive beneath 
Quaternary cover. Two porphyritic plutons were discovered of probable Late Cretaceous or early Tertiary 
age. One, in close association with granodiorite, resembles plutonic rocks found farther to the east. A 
second granodiorite body, in close association with felsic volcanic rocks, is extensively altered. West of 
Big Creek and roughly parallel to it, Eocene volcanic rocks are exposed that range in composition from 
picritic basalt to quartz-phyric rhyolite. Farther west along the ridge system of which Vedan Mountain is 
part, volcanic rocks of probable Early Cretaceous age are exposed. Separation of Cretaceous rocks from 
Eocene rocks may be along a continuation of the Little Basin Fault. 

Resume: En 1992, la cartographie de la region de Taseko Lakes (920) a principalement porte sur Ie 
quadrant nord-ouest, notamment 920/11, 12, 13 et Ie coin sud-ouest de 920/14. La region est largement 
recouverte de sediments glaciaires; d'epaisses sequences de depots fluvio-glaciaires occupent les vallees 
fluviatiles. Des coulees du basaite de Chilcotin occupent lateralement de grandes etendues au-dessous de 
la couverture quaternaire. On a decouvert deux plutons porphyriques datant probablement du Cretace tardif 
ou du debut du Tertiaire. L'un d'eux, etroitement associe a une granodiorite, ressemble a des roches 
plutoniques rencontrees plus a l'est. Un second corps granodioritique, etroitement associe a des roches 
volcaniques felsiques, est altere sur une grande etendue. A l'ouest de Big Creek, et presque para\lele a ce 
dernier, des roches volcaniques de I'Eocene affleurent dont la composition va de basaltes picritiques a une 
rhyolite a gros cristaux de quartz. Plus a l'ouest, Ie long du reseau de cretes dont fait partie Ie mont Vedan, 
affleurent des roches volcaniques datant probablement du Cretace precoce. La separation des roches 
cretacees et des roches eocenes suit peut-etre un prolongement de la faille de Little Basin. 

I Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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INTRODUCTION 

Mapping of the Taseko Lakes map area (920) started in 1990 
(Hickson et aI., 1991) following two weeks of reconnaissance 
work in 1989 (Hickson, 1990), continued in 1991 (Hickson, 
1992; van der Heyden and Metcalfe, 1992), and in 1992, a 
traverse team, using all terrain vehicles, mapped west and 
north of the area covered previously. Concurrently, surficial 
mapping was carried out as part of the Ph.D. thesis work of 
David Huntley (Broster and Huntley, 1992; Huntley and 
Broster, 1993) and under contract to Bruce Broster. In 
addition, detailed stratigraphic work and mapping was 
continued by Brian Mahoney as part of his Ph.D. thesis 
(Mahoney, 1992, 1993). Mapping and detailed structural 
work along the Fraser and Chilcotin rivers was extended by 
Peter Read (Read, 1993), under contract, west of the area 
studied in previous years (Hickson et aI., 1991; Read, 1992). 

The area mapped this field season is largely drift covered 
with few outcrops, even along major river valleys such as the 
Taseko valley. Outcrop in the area is probably less than one 
per cent. Based on work to the east in previous summers, 

reinterpretation of the region suggests that much of the out
crop mapped as Oligocene/Miocene by Tipper (Tipper, 1978) 
is Eocene or Early Cretaceous in age. Upper Cretaceous sedi
ments, present in the southern part of the map area, and 
mapped as part of the Kingsvale Group by Tipper (Tipper, 
1978) are Lower Cretaceous Jackass Mountain Group and 
mid-Cretaceous Silverquick formation. Major structures 
appear to run north-south down the Taseko River and 
northwest-southeast across the map area. Little evidence for 
the Yalakom Fault, mapped across the southeast comer of 
920/12, could be found. 

STRATIGRAPHY 

Quaternary and Tertiary 

Miocene to Pleistocene 

Chi1cotin Group basalt: Flows of Chi1cotin Group basalt 
(MPcv) are laterally extensive over much of the northwest 
comer of Taseko Lakes (920) map area (Fig. 1) producing a 

Figure 1. Geological map of the northwest quadrant, Taseko Lakes map area. 
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relatively flat terrain covered by meadows and bogs. 
Although these flows are extensive, they are generally less 
than 30 m in thickness. The thickest sections are in flow
filled paleovalleys where flows range up to 60 m in thickness 
and overlie comparable or thicker sequences of pillow lava, 
pillow breccia, and tuff breccia. In the extreme northwest 
(920/13), evidence of Chilcotin Group basalt is found up to 
at least 1200 m (4000 f1.) in elevation. The land surface rises 
to the south toward the Coast Mountains where, in 920/11, 
the plateau surface is at 1280 m (4200 f1.) and basalt flows 
cap ridges to 1460 m (4800 ft.) elevation. No source for these 
flows was found in the area mapped. 

Eocene 

Volcanic rocks mapped as Eocene (Ev; Fig. 1) in age, 
typically lack alteration of groundmass and phenocryst 
assemblages, do not have intercalated sediments, and are 
dominated by flows rather than breccia units. They differ 
from Eocene stratigraphy to the east (Hickson et aI., 1991; 
Hickson, 1992) in that intercalated sediments were not found 
and the sequence is distinctly bimodal. Picritic basalt and 
pyroxene-phyric basalt are part of the Eocene assemblage 
here, but are rare in the Eocene sequence to the east (Green, 
1989; Hickson et aI., 1991; Hickson, 1992). In the Empire 
Valley area no picrites were noted (Green, 1989; Hickson et 
aI., 1991; Hickson, 1992). 

Quaternary and Tertiary 

Miocene to Pleistocene 

I I Grey olivine - andlor plagioclase-pbyric subaerial basalt flows, minor 
Q/MPcv interflow breccia and local pillow breccia. Scarce outcrop under 

Quaternary cover. 

Eocene 

I Ev 
I picritic basalt with olivine megacrysts; quartz-phyric rhyolite; 

feldsparphyric andesite 

Cretaceous to Tertiary 

I KTmg I Feldspar·quartz-biotite porphyry granodiorite or tonalite 

Cretaceous 

I Kgd 
I Hornblende granodiorite and diorite; chloritized hornblende; minor 

epidote veining 

Lower Cretaceous 

I IKsq 
I Silverquick formation (lKBq) 

Green to buff chert pebble conglomerate, green to buff sandstone; 
minor maroon siltstone. 

I IKv 
I Maroon to light buff feldsparphyric dacite (up to 25 % small 1 x 2 mm 

laths); dark grey to green aphyric andesite; welded lap.lh tuff brecc.a; 
minor quartz-phyric rhyolite nows and welded lap.ll. tuff brecc.a; 
minor intercalated sediments. 

I IKJMy 
I Jackass Mountain Group (IKJMy and lKJMcc) 

Yalakom Mountain facies 
Massive green to grey lithic sandstone; minor interbedded siltstone 
and shale. 

I I Churn Creek facies 
IKJMcc Polymictic conglomerate; lithlc sandstone; siltstone and shale; 

abundant plant fragments; manne fossils in lower siltstone. 

Legend to Figure 1 

C.J . Hickson and S. Higman 

It is possible that the basalt flows are younger than Eocene 
age and are in fact time correlative with the basaltic flows of 
Flapjack Peak (20.5 Ma; N. Church in Hickson et aI., 1991) 
and another centre on Blackdome Mountain (24 Ma; Hickson 
et aI., 1991). Close to the basalt outcrops are glassy and fresh
appearing quartz-phyric rhyolite flows and welded tuff 
breccia. They may also be of Miocene age and represent the 
source of quartz-phyric pumiceous clasts and the thick ash 
layer found within Miocene sediments in the Gang Ranch 
area (Mathews and Rouse, 1984; Green, 1989; Hickson et aI., 
1991; Read, 1992). Only dating of the basalt and rhyolite 
flows will resolve this question. 

Cretaceous to Tertiary 

Several outcrops of a phenocryst-rich pluton were found 
(KTmg; Fig. 1). The exposures are confined to the Bambrick 
Creek map area (920/11) and the relationship to surrounding 
rock units was not determined. The rock contains up to SO% 
phenocrysts, up to 3 cm in size, enclosed in a grey, fine 
grained matrix in which plagioclase and hornblende are 
visible. The phenocryst assemblage is: up to 2S% plagioclase 
0.S-3 cm in diameter, strongly zoned and commonly cored; 
IS% hornblende laths up to O.S cm in length; biotite books 
up to O.S cm in diameter approximately 5% of the rock; and 
minor accessory sphene. All phenocryst phases are pristine 
and show no evidence of alteration. 

Cretaceous 

Sedimentary rocks 

In the southwest part of the map area (920/12; Fig. 1) 
extensive green to grey sandstone of the Jackass Mountain 
Group (IKJMy and IKJMcc) is exposed. A 600 m (2000 ft.) 
section exposed on Konni Mountain is mainly green to grey, 
lithic rich, coarse grained sandstone (IKJMy). Lithic frag
ments are dominantly shale and, though pervasive in most 
sections as granule sized, angular clasts , they also form inter
beds in the sandstone. Fine sand to silty interbeds are also 
found and become dominant to the south of Konni Mountain. 
The sequence as a whole coarsens upward (toward the north), 
but is lost under cover rocks and Pleistocene sediments north 
of Konni Mountain. This sequence closely resembles the 
Barremian to Albian, Yalakom Mountain facies (IKJMyJ) of 
Schiarizza (in press). On Konni Mountain the strata are folded 
and stand vertically on the southern flank of the mountain. 

North and east of Konni Mountain (Fig. I), siltstone, 
sandstone, and conglomerate (IKJMcc) are exposed, closely 
resembling the Albian, Chum Creek facies of the Jackass 
Mountain Group (IKJMc2) (Schiarizza, 1992). To the south 
and east, the Yalakom Mountain facies of the Jackass 
Mountain Group is in fault contact with the Chum Creek 
facies (Garver et aI., 1989; Glover et aI., 1987, 1988; Glover 
and Schiarizza, 1987; Schiarizza et aI., 1989). Possibly the 
same situation exists northeast of Konni Mountain and the 
contact between the Yalakom Mountain facies and the Chum 
Creek facies marks the trace of Yalakom fault which 
juxtaposes the two units_ 
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The Chum Creek facies is exposed along the Taseko River 
and Elkin Creek (Fig. 1). The facies appears to grade 
upwards from black, siliceous marine siltstone to organic
debris-rich siltstone and fine grained sandstone. Above 
these, crossbedded green sandstone and intercalated poly
mictic conglomerate layers containing substantial granite and 
chert clast component are found . To the north and east, these 
units appear to grade into white weathering, crossbedded, 
micaceous sandstone, maroon siltstone, and chert pebble 
conglomerate of the Silverquick formation (IKsq) (late 
Albian to Cenomanian in age; Mathews and Rouse, 1984; 
Rouse et aI., 1990; Mahoney et aI., 1992). These sediments 
grade upward into more conglomeratic units which are 
dominated by fe1dsparphyric volcanic clasts, but still contain 
a chert clast component. The top of the section is not exposed. 

Volcanic rocks 

Volcanic rocks not assigned a Tertiary age are believed to be 
Early to mid-Cretaceous age (lK v). Most volcanic rocks in 
this unit are andesitic to dacitic in composition and 
distinguished from Eocene and younger volcanic rocks by 
their green to maroon colour, alteration of groundmass and 
phenocryst assemblages, ubiquitous small laths (1 x 2 mm) 
of altered (commonly cored and zoned) feldspar crystals, and 
few if any other phenocrysts. 

The rocks range from maroon to light buff. Less common 
are dark grey to green aphyric andesite flows. Minor 
quartz-phyric rhyolite flows and welded dacite and rhyolite 
lapilli tuff and block-Iapilli breccia are also found . Minor 
intercalated sediments are locally present (e.g., Vedan 
Mountain). This volcanic sequence is similar to those in the 
Mount Alex area and dated at 106 Ma (Hickson, 1992). 

The inception of volcanism in Early Cretaceous time may 
be reflected in the Silverquick succession by the sudden 
influx of volcanic clasts. This is most clearly seen in the 
sections along the northern part of Chum Creek (Mahoney et 
aI., 1992), but is also apparently reflected in the sediments 
mapped in 1992. 

Two kilometres northwest of Scum Lake (Fig. 1) a 230 m 
(750 ft.) thick section of volcanic rocks (IK v) is exposed 
along the banks of the Taseko River and on a hill locally 
known as "Little Mountain". These rocks range in composi
tion from andesite to rhyolite and show extensive alteration, 
disseminated pyrite, and quartz veins up to 15 mm in thick
ness. The area is held by Rea Gold Corporation and was 
drilled in the summer of 1991 and 1992. 

Plutonic rocks 

Plutonic rocks similar to those of the Mount Alex plutonic 
complex are found near Kloatut and Scum lakes. The rocks 
appear to be granodioritic in composition. Mafic phenocrysts 
are weakly to strongly chloritized. In one locale, quartz 
crystals are rod shaped and define a foliation and weak linea
tion. Epidote veining is common. The principle mafic phase 
is hornblende (up to 15%), but biotite is also present. 
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STRUCTURE 

Due to limited outcrop, structural interpretations are poor. 
The Yalakom fault may separate the Yalakom Mountain 
facies from the Chum Creek facies of the Jackass Mountain 
Group, north of Konni Mountain and be responsible for the 
folding noted in both units. Along the Taseko River the rocks 
are consistently altered and veined with either quartz (Scum 
Lake area) or zeolites (confluence of Elkin Creek and Taseko 
River). No consistent structural orientation was noted. 
However, along the west side of the Taseko River volcanic 
rocks are exposed and on the east side sediments of the Silver
quick formation. The sediments may have been preserved by 
down-dropping along a normal fault, east side down, trending 
roughly north. The sediments may, however, be preserved 
simply by paleotopography. 

Along the west side of the valley of Vedan and Elkin Lake 
(Fig. 1), marine siltstone of the lower part of the Chum Creek 
facies are cut by low angle faults. The motion along these 
faults suggests thrusting with a southwest dip and northeast 
vergence. There is no evidence for major displacement. They 
do, however, have the same orientation as the Little Basin 
fault (Mahoney et aI., 1992). 

Evidence for the continuation of the Little Basin fault is 
found east of Kloatut Lake. A brecciated zone appears to 
juxtapose Eocene volcanic rocks against presumed Lower 
Cretaceous volcanic rocks. Plutonic rocks (some of which 
show cataclastic textures) in association with presumed 
Lower Cretaceous volcanic rocks are also exposed nearby 
(Fig. I). Possibly they may be exposed here by movement 
along the Little Basin fault, or some other parallel structure. 
Evidence for the fault is limited. 

MINERALIZATION 

Little evidence of mineralization or alteration was found with 
the exception of the area staked and prospected around Scum 
Lake. However, the Gaspard Lake claims (920/1 0) and Scum 
Lake lie close to the projection of the Little Basin fault and 
thus other areas along this trend, close to the plutons, may 
have potential. Fish Lake prospect (south of the Elkin Creek 
map sheet) appears to be, at least in part, structurally 
controlled. The pluton exposed in the area of Kloatut Lake, 
Scum Lake, and Fish Lake appears lithologically similar and 
may be similar in age. 
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Aquifer mapping in the Prince George region, 
British Columbia: a pilot project 

BrianD. Ricketts and Raelyn Crossleyl 

Cordilleran Division, Vancouver 

Ricketts, B.D. and Crossley, R., 1993: Aquifer mapping in the Prince George region, British 
Columbia: a pilot project; in Current Research, Part A; Geological Survey of Canada, 
Paper 93-1A,p. 69-74. 

Abstract: Water well records from the Prince George area have been examined in a preliminary attempt 
to determine the geometry of aquifers and confining units in Quaternary deposits. Apparently there is no 
regionally contiguous aquifer in the area. Most aquifers are postglacial or late Fraser glacial deposits, at 
shallow depths. Deeper aquifers in older Pleistocene deposits tend to be thin and laterally discontinuous. 

Resume: L'examen de releves effectues dans la region de Prince Goerge sur des puits produisant de 
I'eau, a servi a une tentative de determination de la geometrie des aquiferes et des unites impermeables 
situees dans des depOts d' age quaternaire. II semble qu' aucun aquifere n' a ete decele a l'interieur des limites 
de la region. La plupart des aquiferes sont des depots post-glaciaires ou tardiglaciaires de Fraser, situes a 
faible profondeur. Les aquiferes plus profonds situes dans des depots plus anciens du Pleistocene tendent 
a s'amincir et a etre lateralement discontinus. 

1 Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.c. V6T 2B4 
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INTRODUCTION 

The Geological Survey of Canada is currently enhancing its 
present activities and initiating new studies in hydrogeology. 
In anticipation of an expanding role in this field, a pilot project 
has been undertaken that attempts to unravel the stratigraphic 
intricacies of Quaternary aquifers near Prince George, British 
Columbia (Fig. 1). Situated within the Fraser River drainage 
basin, Prince George is an important urban and industrial 
centre in central British Columbia. 

For this aquifer study, the primary database is contained 
in records of water wells drilled in glaciogenic Pleistocene 
deposits, ranging up to 170 m in depth. Although not legally 
required, most water drilling companies in British Columbia 
file their well records with the Groundwater Section of the 
B.C. Ministry of Environment. The quality of well records in 
terms of reported lithologies, drilling rates, pump-test results 

III 
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(e.g., flow rates and static levels), and water chemistry is 
highly variable. For example, well records that contain 
detailed lithological descriptions may lack data on flow rates 
or static levels; records with poorly recorded stratigraphy, on 
the other hand may have this information. Therefore, one of 
the principal aims of this study was to decipher and extract 
the useful information from the well logs in order to formulate 
a coherent picture of aquifer architecture in terms of 'hydro
stratigraphic' units. Cross-sections have been constructed 
along three main transects in the map area to delineate 
potential aquifers and confining units (Fig. 2, 3,4). 

LOCATION 

The study area (Fig. 1) is about 145 km2 in the north-central 
part of Prince George map area (NTS 93G/15), corresponding 
to B.C. Ministry of Environment water well location map 

122' 

Horizontal Scale 

2km, 

II 

12236'00' 

Figure 1, Location map showing surficial geology, after Leaming and Armstrong (1969), and lines 
of s~ction. ~ap .unit I (3c) = ice contact glaciofluvial drift of Fraser Glaciation; unit II (6a, b) = 
glaclola~ustrrne Silt and clay, late Fraser Glaciation; unit III (7c) = sand and gravel terrace deposits, 
postglaCial. Well numbers on transects correspond to circled numbers on stratigraphic sections in 
Figures 2-4. 
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93G.097 (1:20000). Here, the city of Prince George stands 
at the confluence of Fraser and Nechako rivers. North and 
east of this drainage the terrain is distinctly hummocky 
whereas to the east and south alluvial deposits underlie 
terraces of the Fraser River. Water well location codes are 
those used by the B.c. Ministry of Environment. 

STRATIGRAPHIC FRAMEWORK 

Three of the map units established by Learning and 
Armstrong (\969) for NTS 93G are found in the Prince 
George area (Fig. I). Unit I consists of Wisconsinan, strati
fied, ice-contact glaciofluvial sediment that underlies the 
hummocky topography north and east of Fraser and Nechako 
rivers. Glaciolacustrine clay and silt forms the bulk of unit II 
and constitute deposits of the late Wisconsin Fraser glacial 
lake system in central British Columbia (Tipper, 1971; Eyles 
and Clague, 1991). Unit III consists mainly of postglacial 
terraced fluvial deposits. 

Construction of well stratigraphies required some 
filtering of original lithological descriptions in well records. 
Diamict for example, might variously be described as "till", 
"bouldery clay", "gravel, sand and clay", "clay with boulders" 
or "diamictite". We have sought to keep lithological 

B 
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subdivisions simple. A diamict in this case could possess all 
or some of the above characteristics and might represent till 
or debris flow deposits. 

Diamict and clay facies compose the bulk of the 
succession in most wells. Three diamict units are present in 
at least two wells (sections AA' and CC', Fig. 2, 4). Closely 
spaced diamict units, as in well #3.1.2 (section AA ') could 
represent a single lodgement till with minor interfingering of 
subglacial clay lenses. All of these lithologies are aquicludes. 
Recent mapping in the Prince George area has shown that a 
till unit, possibly the Fraser Till, outcrops south of Bittner 
Creek (J.1. Clague, pers. comm., 1992). This may correspond 
to the uppermost diamict unit in the cross-sections (e.g., 
Fig. 3). If this correlation is correct an unconformity should 
be present at the base of the 'Fraser' diamict. Relief on the 
sub-Fraser unconformity would strongly influence patterns 
of groundwater flow. 

SOME AQUIFER CHARACTERISTICS 

Sand and gravel intersections in many wells are notably 
scarce. The thickest of these are located in shallow wells and 
probably are late Pleistocene or Holocene in age. Most coarse 
grained, porous units at depth are thin and probably laterally 
discontinuous. One exception to this is well #2.1 . 1 
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Figure 3. Stratigraphie section BB' showing well lithologies, static levels, flow rates, and inferred geometry of 
aquifers. Legend and symbols as for Figure 2. 
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Figure 4. Stratigraphic section CC' showing well lithologies, static levels, flow rates, and inferred geometry 
of aquifers. Intersection with line AA' is indicated. Legend and symbols as for Figure 3. 

(Ce', Fig. 4) which contains 47 m of sand and gravel, most 
of which occurs above the reported static water level (static 
level refers to the equilibrium water level in a weB, not 
necessarily coinciding with the water table). In this weB, 
production derives from a thin sandy layer below the gravel 
and separated from it by a thin, impermeable layer referred 
to in the well log as hardpan (probably because of reduced 
drilling rates rather than any clear evidence of true 
pedological character). Plots of static levels on the 
stratigraphic cross-sections (Fig. 2, 3, 4) show patterns that 
are potentially useful for predicting saturated-zone 
intersections elsewhere. 

It is possible to identify, in an approximate fashion, 
groundwater discharge and recharge areas according to 
criteria discussed by Freeze and Cherry (1979). As a general 
rule, discharge takes place in topographically low areas and 
recharge in areas that are topographically high. An empirical 
relationship between well depth and depth to static level 
(Fig. 5) also permits the distinction between groundwater 
discharge and recharge areas (Freeze and Cherry, 1979). In 
Figure 5 the water table is approximated by static levels in 
the shallow, high flow capacity wells in section BB' (Fig. 3) 
where the sand and gravel aquifers are either unconfined or 
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Figure 5. Plot of well depth versus depth to static water level 
(depths in metres). Subdivision into recharge and discharge 
zones after Freeze and Cherry (1979). 
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at very shalIow depth. Most wells in section BB ' plot in the 
groundwater discharge region of the graph. Contrasting 
conditions exist in section AA' where most wel1s plot in the 
groundwater recharge zone, corresponding to relatively high 
topography. Thus, even thick, porous sand bodies at the tops 
of some wells in section AA' are undersaturated. Less data 
are available for section CC' but those static levels that can 
be plotted reflect groundwater discharge or points transitional 
between discharge and recharge. Wel1s that plot in the 
transitional zone are more likely to be affected by seasonal 
variation in precipitation. 

SUMMARY 

Water well records have been examined from an area around 
Prince George. Despite the inconsistencies in recorded 
lithological and hydrostratigraphic information, enough 
useful data can be teased from the records to generate a 
reasonable picture of stratigraphic architecture of aquifers 
and confining units. Subsurface mapping of aquifers and 
confining units near Prince George illustrates great variability 
in the lateral extent and thickness of water-bearing units. No 
regional aquifer can be identified within the confines of the 
map area, at least to well depths of about 170 m. The most 
productive wells are in the lower areas corresponding to map 
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units I and III (section BB '). Preliminary interpretation 
suggests the areas west of McMillan Creek and east and south 
of Fraser River are recharge zones. 
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Lower and Middle Jurassic stratigraphy in the 
Treaty Glacier area and geological setting of 
the Treaty Glacier alteration system, 
northwestern British Columbia 
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Cordilleran Division, Vancouver 

Lewis, PD., Thompson, J.FR., Nadaraju, G., Anderson, R.G., and Johannson, G.G., 1993: 
Lower and Middle Jurassic stratigraphy in the Treaty Glacier area and geological setting 0/ the 
Treaty Glacier alteration system, northwestern British Columbia; in Current Research, Part A; 
Geological Survey o/Canada, Paper 93-1A, p. 75-86. 

Abstract: Well-exposed, fossiliferous Toarcian to Middle Bajocian strata in the Treaty Glacier area 
include mafic and felsic flows, pillowed lava, tuff and volcaniclastic rocks, and fine- to coarse-grained 
clastic sedimentary rocks. Stratigraphy of the east Treaty ridge, nunatak (which hosts the Treaty Glacier 
prospect), and north gossan sequences are compared with regional Lower to Middle Jurassic strata. 
Although there is reasonable correlation of some units locally, rapid facies changes locally and regionally 
are indicated. 

Altered, schistose rocks associated with the Treaty Glacier prospect represent a deformed advanced 
argillic alteration system superimposed on the Lower to Middle Jurassic rocks. The Treaty Glacier 
alteration system formed within 200 m of paleosurface and suggests the potential for high sulphidation 
epithermal mineralization; however any accompanying porphyry mineralization is likely to be at least 
500 m stratigraphically below the alteration zones. 

Resume: Des strates fossiliferes bien exposees, couvrant l'intervalJe du Toarcien au Bajocien moyen 
dans la region du glacier Treaty, renferment des coulees mafiques et des coulees felsiques, des laves en 
coussins, des tufs et des roches vOlcanoclastiques, et des roches sedimentaires clastiques de granulometrie 
fine a moyenne. On compare la stratigraphie de la crete est de Treaty, un nunatak (qui abrite Ie gite possible 
de Treaty Glacier), et les sequences nord a chapeau ferrugineux, aux strates regionales qui s' etendent du 
J urassique inferieur au J urassique moyen. Bien qu'il y existe, par endroits, une correlation raisonnable entre 
certaines de ces unites, de rapides variations de facies se manifestent aux echelles locale et regionale. 

Des roches schisteuses alterees associees au gite possible de Treaty Glacier representent un systeme 
d'argilisation avancee accompagnee d'une deformation, qui est surimpose aux roches du Jurassique 
inferieur it moyen. Le systeme d'alteration du glacier Treaty s' est forme it moins de 200 m de la paleosurface 
et laisse prevoir un potentiel eleve de mineralisation epithermale par sulfuration; cependant, toute 
mineralisation connexe en porphyres se situe sans doute stratigraphiquement a au moins 500 m au-dessous 
des zones d'alteration. 

1 Mineral Deposit Research Unit, Department of Geological Sciences, University of British Columbia, 
6339 Stores Road, Vancouver, B.C. V6T lZ4 

2 Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T lZ4 
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Figure 1. Geology of the Treaty Glacier area, and locations of stratigraphic sections and fossil localities 
described in text. Inset map shows regional location, 

76 



INTRODUCTION 

Ideas concerning Jurassic stratigraphy in the Iskut River area 
remain controversial because of the facies changes inherent 
in the volcanogenic strata and the meagre (but growing) 
database of critical fossil and geochronological localities. An 
example is the Mt. Dilworth Formation, a pyroclastic felsic 
unit described as an important regional marker (Alldrick, 
1985, 1987, 1991; Alldrick and Britton, 1988, 1991; 
Anderson and Thorkelson, 1990): the unit is reasonably well 
known in its "type" area at Troy Ridge and north along the 
Bowser River (Anderson and Thorkelson, 1990; Alldrick, 
1991), but inclusion of all felsic pyroclastic rocks in the 
region within the Mt. Dilworth Formation, particularly east 
of the Unuk River and southwest of Treaty Creek, is 
problematic. Fossil control is critical to resolution of these 
Lower to Upper Jurassic stratigraphic problems. Benthonic, 
planktonic and nektonic faunas are particularly useful and 
occur in scattered localities (Nadaraju and Smith, 1992). 

Our previous fieldwork in the Treaty Glacier area 
(Thompson and Lewis, 1992) focused on the general 
geological setting, morphology, and structural style of the 
main and north Treaty gossans. We concluded that the major 
alteration represents a deformed advanced argillic alteration 
system superposed on Hazelton Group volcanic and 
volcaniclastic rocks, but the deformation history and 
stratigraphic level of the host rocks was uncertain. Fieldwork 
in 1992 resolved these remaining uncertainties, and provided 
new constraints for the age and stratigraphic succession of the 
Hazelton Group in the eastern Iskut River area. Ammonites 
bracketing part of a thick section of felsie tuff previously 
considered part of the Mt. Dilworth Formation (Alldrick and 
Britton, 1988), prompted more detailed examination of the 
section. The sequence is unusual for felsic volcanic rocks in 
the Iskut River area because of its thickness and well-bedded 
nature, and the intercalation of fine to coarse clastic, partly 
marine, sedimentary rocks. The felsic strata in the Treaty 
Glacier area represent the best exposed and least equivocal 
evidence for Aalenian to Bajocian (Middle Jurassic) felsic 

Figure 2. East Treaty ridge section, viewed looking eastward 
from Treaty nunatak. Fossil localities and lithology of major 
map units outlined described in text and in Figure 3. 

p.o. Lewis et al. 

tuffaceous and reworked ash flow rocks. They are younger 
than isotopically dated Early Jurassic pyroclastic rocks 
conelated with the Mt. Dilworth Formation elsewhere. In 
addition, the transition from volcanic and sedimentary 
Hazelton Group strata to Bowser Lake Group rocks is well 
exposed in several locations in the Treaty Glacier area. The 
strata there represent the best Middle Jurassic reference 
section available in the Iskut River area. 

The Treaty Glacier area occupies the eastern part of the 
area being studied by the Mineral Deposit Research Unit of 
the University of British Columbia under the project: 
"Metallogenesis of the Iskut River Region, Northwestern 
British Columbia". Access is by helicopter from Stewart, 
Tide Strip, Bob Quinn Lake or exploration camps in the 
Eskay Creek - Sulphurets region. 

GEOLOGICAL SETTING 

Treaty Glacier is located in northwestern British Columbia 
within the Sulphurets map area of Alldrick and Britton 
(1991), approximately 75 km north of Stewart and 10 km 
north of the Sulphurets camp (Fig. 1). A prominent red
brown-weathering gossan, approximately 1 km east-west by 
0.5 km north-south, occurs on the northwest side of a large 
nunatak between Treaty and South Treaty glaciers (mineral 
occunence 44, Alldrick and Britton, 1988). This, the "main 
gossan" in this paper, has been of interest to exploration 
companies for a number of years and lies at the centre of the 
Treaty Creek property of Tantalus Resources Limited and 
Teuton Resources Corporation. Alldrick and Britton (1988) 
reported alunite and native sulphur within the gossan. A 
second area of grey and locally limonite-stained bluffs on the 
north side of the Treaty Glacier is refened to here as the "north 
gossan". Natroalunite and sartorite have been reported from 
the north gossan (R.Y. Kirkham, pers. comm., 1991). 

Thompson and Lewis (1992) reviewed the general 
stratigraphic and structural setting of the Treaty Glacier 
alteration system. The Treaty Glacier area is underlain by 
complexly folded and faulted sedimentary rocks of the 
Bowser Lake Group and volcanic and epiciastic rocks of the 
Hazelton Group (Alldrick and Britton, 1988, 1991). Most of 
the Treaty nunatak, including the main and north gossans, lie 
on the upper plate of the southeast-directed Sulphurets thrust 
fault which places Hazelton Group strata over Bowser Lake 
Group (Alldrick and Britton, 1991). Broad northeast
trending folds and several sets of steeply-dipping faults 
deform these strata. Contacts of both gossans cut lithologic 
boundaries. but the extensive alteration obscures geological 
contacts within the gossans. 

STRATIGRAPHY 

Extensive deformation, alteration, and intrusion in the Treaty 
nunatak hinder reconstructing the stratigraphic succession for 
that area. Less disrupted and altered rocks exposed east of 
the South Treaty Glacier ("east Treaty ridge" in this paper, 
section 1 in Fig. I), define a stratigraphic succession with 
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which the nunatak rocks can be correlated. This 
well-exposed section of Hazelton Group rocks contains 
biostratigraphic age control at four different levels. A 
second relatively unbroken stratigraphic succession, 
exposed immediately west of the north gossan (section 2 in 
Fig. 1) lacks the biochronological control present in the east 
Treaty ridge section but contains many of the same 
stratigraphic units. 

East Treaty ridge section 

A succession of pyroclastic, epiclastic, and sedimentary 
rocks more than 600 m thick forms the ridge south of the toe 
of the Treaty Glacier and is nearly continuously exposed 
along the ridge crest (Fig. 2). Faults, which cut the succession 
near its base, do not appear to have appreciable offset, nor 
does a sill which intrudes the middle of the section within a 
continuous coarsening upward sequence appear to disrupt the 
succession. 

We define five lithostratigraphic units with sharp 
conformable contacts in the east Treaty ridge section and 
show them as map units on Figures I and 2. Subdivisions 
within these units, easily differentiated in the east Treaty 
ridge succession (Fig. 3a, b), lack the lateral continuity 
needed for mappable units. Thicknesses of stratigraphic 
intervals listed below and in Figure 3 were estimated during 
field traverses and are therefore approximate. 

Lowest rocks in the east Treaty ridge section (unit 1) 
comprise more than 100 m of intermediate composition 
volcanic breccia, pyroclastic flows, and epiclastic rocks 
(Fig. 4a, b). Four differentiable subunits consist of a 
lowermost coarse volcanic breccia and conglomerate, over
lying intermediate composition welded tuffs and lesser 
epiclastic rocks, and two upper epiclastic sandstone/ 
conglomerate subunits. 

Unit 2 is a marine sedimentary succession, 265 m thick, 
with a fossiliferous, coarse-grained sandstone to conglom
erate base, succeeded by mudstones to siltstones, a second 
coarser conglomerate to breccia, and a coarsening upward 
mudstone to sandstone top. These lithotypes define 6 
subunits, described separately in Figure 3. Near the top of 
unit 2, volumetrically minor felsic tuffaceous sandstone 
occurs within the marine sandstones and siltstones. Two 
important fossil collections, one from the base of the unit and 
one from near the top, constrain the age of the unit 2 to 
Toarcian-Aalenian. 

Unit 3 consists of intermediate to mafic volcanic flows, 
breccia, and epiclastic rocks forming a sequence 
approximately 105 m thick. The lower part is dominantly 
volcanic and exhibits abundant evidence of subaqueous 
volcanism, including mafic to intermediate pillowed flows, 
broken pillow breccias, and local areas with hydroclastic 
textures (Hanson, 1991). Overlying epiclastic rocks grade 
from monolithological volcanic breccia near the base upward 
into heterolithic volcanic breccia to conglomerate. 



Well-stratified felsic pyroclastic and epiclastic rocks of 
unit 4 fonn prominent maroon-weathering cliffs near the top 
ofthe east Treaty ridge section. Four subunits within this 120 
m-thick sequence, are distinguished on the basis of clast size, 
thickness of stratification, and degree of welding. 

Overlying the mixed volcanic and sedimentary strata of 
units 1-4 are thick mudstones, siltstones, and sandstones 
which fonn the lowest part of the sedimentary sequence 
exposed to the east in Bowser Basin. These strata comprise 
three subunits: a basal fossiliferous calcareous sandstone, 
overlying thinly-bedded mudstones and siltstones, and an 
upper, more thickly bedded sandstone to mudstone sections. 
Fossil collections from the basal subunit, from immediately 
above the basal subunit, and from the middle of the medial 
mudstone sequence date the transition from volcanism to 
basinal sedimentation as Bajocian. 

North gossan section 

Rocks exposed adjacent to the north gossan (Fig. I) are 
similar to those on east Treaty ridge, but are less well exposed 
and cut by numerous faults. Lowest rocks in section are 
similar to unit 2 in the east ridge section, and are succeeded 
by equivalents to units 3 and 4. However, many of the 
subunits recognized in the north gossan section (Fig. 5) do 
not correlate with the subunits of the east Treaty ridge section. 

Unit 2 in the north gossan section consists of two subunits 
with a total thickness of more than 20 m (base concealed) 
which are lithologically similar to the upper part of Unit 2 at 
east Treaty ridge. These strata are succeeded by 
approximately 10 m of mafic pillowed flows (unit 3), and 
approximately 100 m of intennediate to felsic volcanic 
breccia, welded pyroclastic rocks and flow breccia, 
tuffaceous sedimentary strata, and interstratified mudstone 
intervals which correlates with the mixed felsic pyroclastic 
and sedimentary section with unit 4 at east Treaty ridge. 
Overlying unit 5 mudstones are faulted against the top of 
unit 4 in the north gossan section, but confonnably overlie it 
along strike. 

Treaty nunatak stratigraphy 

The structural complexity and alteration of rocks on the 
Treaty nunatak hinder identification of a representative 
stratigraphic section for that area. However, rocks adjacent 
to the main gossan strongly resemble those described above, 
and at least two of the five main stratigraphic units of the east 
Treaty ridge section occur (Fig. 5). 

Northeast of the main gossan a recessive sequence of 
thinly-bedded turbiditic mudstones and sandstones outcrop 
above the Treaty Glacier. These strata contain pelecypod 
coquinas lithologically similar to those at the base of unit 2 
on the east Treaty ridge section, as well as thinly to thickly 
bedded felsic tuffaceous intervals near their upper contact, 
correlative to those in both the east ridge and north gossan 
sections. Much of the northwest part of the nunatak consists 
of mixed fine to medium grained clastic sediments and mafic 
to intennediate igneous rocks lithologically similar to unit 3 

P.O. Lewis et al. 

in the two other sections. Although folded, the unit appears 
to be thicker (> I 00 m) than correlative strata in the east ridge 
and north gossan sections. Coherent mafic igneous bodies 
fonn pillowed flows (up to 20 m thick) and sills (5 to >20 m 
thick). Vesicularity increases upward in the sills, and upper 
sill contacts are irregular and locally fragmental. The bulk of 
the unit consists of complex mixed mafic lava and 
sedimentary rock. This includes dis aggregated pillows in a 
silty matrix, irregular pillows (typically 10-30 cm across) 
with vesicular margins enclosed in a silt or hydroclastite 
matrix, and hydroc\astite and peperite fragmental rocks 
(Fig. 6a, b). Individual beds (1-3 m thick) of coarse angular 
pillow breccia occur within the sequence. 

Biostratigraphy 

Basal Hazelton Group 

The basal Hazelton Group between the north gossan and the 
Atkins Glacier yielded several fossil collections (made by 
Wes Raven, Orequest Consultants Ltd., and Jack Henderson 
Geological Survey of Canada, locations FI, F2 in Fig. 1). 

Figure 4. Representative lithologies of unit 1 at east Treaty 
Ridge: a) coarse monolithological volcanic breccia; b) welded 
tuff with well-developed large fiamme and eutaxitic texture. 
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Faunal assemblages include ammonites Paracaloceras 
rursicostatum, Badouxia cf. canadensis, Canavarites sp., and 
Alsatites sp. characteristic of the Canadense Zone, at the 
Hettangian-Sinemurian boundary. Benthonic forms within 
these assemblages include bivalves (Weyla and 
Camptonectes), scleractinian corals and gastropods. 
Geological mapping indicates that these strata lie below unit 
1 and therefore provide a maximum age for the measured 
sections. 

East Treaty ridge section (Hazelton and 
Bowser Lake groups) 

Unit 2a fossiliferous sandstone at the east Treaty ridge 
section yielded Weyla sp. and belemnites, whose association 
indicates a probable Toarcian age (Report J14-1989-TPP, 
location F3 in Fig. 1 and 3). Higher in the section (location 
F4 in Fig. 1 and 3), Unit 2d mudstone and sandstone contains 
a relatively abundant fauna consisting of ammonites 
Tmetoceras cf. kirki, Pseudolioceras sp., Leioceras sp. and 
bivalve Inoceramus sp. The association of these ammonites 
indicates an Aalenian age, probably Late Aalenian. 

Two localities from the base of unit 5 contain Bajocian 
ammonites (location F5 in Fig. 1 and 3). The basal calcareous 
sandstone (unit 5a) immediately overlying unit 4 felsic rocks 
yielded a poorly preserved Soniniid ammonite, and, 
approximately 20 m higher in unit 5b, the Middle Bajocian 
ammonite Zemistephanus sp. Nearer to the top of unit 5b, 
ammonites Lilloettia sp., and Kepplerites indicate a Late 
Bathonian to Early Callovian age. 

Discussion of stratigraphy 

The five lithological units defined in the Treaty Glacier area 
characterize a variety of volcanic and sedimentary 
environments. Units 1 and 4 contain several laterally 
continuous welded ash flow tuffs interbedded with coarse, 
commonly maroon weathering, volcanic breccias of mixed 
pyroclastic and epiclastic origin. Unit 1 is predominantly 
intermediate in composition whereas unit 4 is more felsic. 
We interpret both as subaerial deposits, although reworked 
parts may be locally subaqueous. Unit 2 is dominated by a 
coarsening upward sedimentary cycle capped by felsic 
tuffaceous sediments. Unit 3, in contrast, is characterized by 
subaqueous mafic to intermediate volcanism, which waned 
with deposition of epic las tic rocks higher in section. Features 
in this unit are typical of hydroclastic disruption resulting 
from the interaction of mafic lava and wet sediments 
(Hanson, 1991). Although the pillowed flows and pillow 
breccias are clearly extrusive, much of the overlying unit, 
especially where it is exposed on Treaty nunatak, formed by 
the intrusion of mafic lava into a mixture of wet sediment and 
a growing pile of disaggregated hydroclastite breccia. The 
final volcanic event in the Treaty area consists of localized 
rhyolite flows or flow breccias overlain by fine rhyolitic 
epiclastic sandstone. Similar felsic rocks occur to the west in 
the Eskay Creek area, but these are overlain or interbedded 
with mafic pillowed flows and breccias similar to unit 3 rocks 
in the Treaty Glacier area. This may suggest that mafic to 
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intermediate volcanic products formed and were preserved 
within intra-arc basins at different times during the late stages 
of Hazelton volcanism. Unit 5 marks the onset of widespread 
marine sedimentation within the Bowser Basin, as well as the 
cessation of Hazelton Group volcanism. 

Possible stratigraphic correlations to named formations 

The Treaty Glacier area provides an important section 
through Lower and Middle Jurassic strata, and form a basis 
for local and regional stratigraphic correlations. Of palticular 
importance is the Aalenian to Bajocian age constraint for unit 
4 felsic pyroclastic rocks, which have been traced in regional 
map studies westward around the McTagg Anticlinorium, 
and as far south as Sulphurets Creek. 

The Hazelton Group in the Iskut River area traditionally 
has been divided into, in ascending order, the Unuk River, 
Betty Creek, Mt. Dilworth, and Salmon River formations. 
More recently, a new map unit, the Jack formation, has been 
proposed for a sedimentary succession at the base of the 
Hazelton Group, locally unconformably overlying the 

Figure 6. Representative lithologies for unit 3 hydroclastite 
breccia exposed on Treaty nu natak: a) angular to subrounded 
vesicular fragments in mixed volcano-sedimentary matrix; 
b) amoeboid-shaped vesicular volcanic fragments. 
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Stuhini Group (Henderson et aI., 1992). Henderson et al. 
(1992) traced fossiliferous calcareous sandstone diagnostic 
of this unit from the type area at the toe of the Jack Glacier 
eastward into the Treaty Creek area, where it occurs below 
the strata described above (Fig. 1). This correlation is 
corroborated by the Hettangian to Sinemurian boundary age 
for ammonite collections from this unit described above. 

Overlying the Jack formation in the Treaty Glacier area is 
a lithologically varied volcano-sedimentary sequence 
characterized by mafic to felsic volcanic compositions, great 
lateral facies variability, and indications of both subaerial and 
subaqueous deposition (units 1-4). Fossil collections from 
the underlying Jack formation, from within unit 2, and from 
overlying unit 5 strata indicate that this section spans a large 
time range, from Hettangian-Sinemurian to Bajocian. 
Elsewhere in the Iskut River area, similarly varied 
lithological succession characterize this stratigraphic 
interval, and although formations can be mapped locally, they 
are difficult to trace for more than a few kilometres. 
Regionally, the rocks between the Jack formation and the first 
significant felsic volcanic rocks are assigned to either the 
Unuk River or the Betty Creek formation. The lateral 
variability present in the Treaty Glacier area, together with 
the dissimilarities to Hazelton Group successions at Eskay 
Creek, Troy Ridge, Johnny Mountain, and elsewhere further 
underscores the difficulties in regional mapping of Hazelton 
Group formations (Lewis et aI. , 1992). 

Felsic volcanic rocks of unit 4 are similar to rocks 
assigned to the Mt. Dilworth Formation elsewhere in the Iskut 
River area. Unit 4 is continuously exposed for over 30 km 
west and south of the Treaty Glacier area (Lewis, 1992), and 
appears to correlate with undated felsic volcanic rocks 
mapped as Mt. Dilworth Formation at Eskay Creek. 
Throughout this strike length, it occupies a position above a 
mixed Hazelton Group volcanic and sedimentary 
assemblage, and below either basinal mudstone and 
sandstone sediments of the Bowser Lake Group or pillowed 
mafic flows of the Salmon River Formation. The few age 
constraints in this area support this correlation: at Jack 
Glacier, unit 4 overlies limy fossiliferous siltstones which 
yield belemnites (GSC C-118980 and GSC C-118982; 
Gunning, 1986), tentatively dated as Toarcian (lA. Jeletzky, 
written comm., 1986). However, correlation of unit 4 with 
the Mt. Dilworth Formation presents a contradiction to 
existing age assignments for these rocks, which elsewhere 
yield likely Upper Pliensbachian to Lower Toarcian fossil 
assemblages and equivalent isotopic ages. This suggests that 
unit 4 represents a higher stratigraphic level than the type Mt. 
Dilworth Formation, and that at least two felsic pyroclastic 
units must be distinguished regionally: a Pliensbachian to 
Toarcian, massive to thinly-bedded sequence of pale green 
pyritiferous, aphyric to feldspar-phyric pyroclastic breccia, 
welded tuff, and dust tuff; and an Upper Aalenian to Middle 
Bajocian felsic pyroclastic unit characterized by well-bedded 
nature and local intercalation of sedimentary rocks. The 
lower (older) felsic succession is missing from much of the 

. eastern Iskut River area; the farthest north unequivocal 
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occurrence is at John Peaks, where the lowermost of two 
felsic intervals has yielded Early Jurassic isotopic ages 
(M.L. Bevier, unpub. data). 

Unit 5 cannot be distinguished from overlying Bowser 
Lake Group strata, and should therefore be considered part of 
it. Middle Bajocian ammonites at the base of unit 5 constrain 
the onset of Bowser Lake Group sedimentation in the eastern 
Iskut River area, and are consistent with sections in the 
Smithers map area (Tipper and Richards, 1976), but slightly 
older than mainly Bathonian basal Bowser Lake Group to the 
northeast in the Spatsizi map area (Yorath, 1991; Ricketts et 
aI., in press). 

STRUCTURAL GEOLOGY 

The Treaty Glacier area hosts several generations offolds and 
faults . The area lies on the upper plate of the southeast
directed Sulphurets thrust fault, which is exposed on the 
southwest side of the nunatak near the glacier level. There, 
Hazelton Group rocks override probable Bowser Lake Group 
siltstones and mudstones. Asymmetric folds in upper plate 
rocks are consistent with southeast-directed movement. 
Most other mappable faults are steep, strike between 070° and 
120°, and have minimum apparent offsets oftens to hundreds 
of metres. These faults are not exposed, and unequivocal slip 
direction and sense indicators are lacking. 

Macroscopic folds on the nunatak and east Treaty ridge 
trend northeasterly, are upright with subhorizontal axes, and 
are symmetric to slightly southeasterly vergent. Hinges are 
subangular to rounded and open, and typical fold 
wavelengths are hundreds of metres. Folds in Bowser Lake 
Group strata outside of the study area are upright to 
recumbent, and both southeast and northwest vergence is 
common. 

Rocks in both of the Treaty Glacier alteration zones 
contain a strong sericitic foliation. The foliation is 
subvertical regionally, and strikes roughly north-south. A 
weak to moderate mineral elongation lineation contained in 
the foliation plane is oriented downdip. In the north gossan, 
this foliation is parallel to compositionally layered quartz
alunite-sericite laminations and is refolded by tight angular 
mesoscopic folds and crenulations which have steep, 
northwest- to northeast-striking axial surfaces. Outside of the 
major alteration zones, the foliation is less well developed, 
but parallel to that within the altered rocks. 

ALTERATION AND MINERALIZATION 
HISTORY 

Geological mapping of areas surrounding the two major 
gossans demonstrates that alteration cuts across stratigraphic 
contacts, and most of the major units described above host 
alteration. At both the main and north gossan, alteration 
boundaries are either obscured by glacial cover or grade into 
surrounding unaltered host rocks (Fig. I). 



The centre of the main gossan consists of strongly foliated 
quartz-sericite-pyrite schist. Primary textures ofthe protolith 
are locally present throughout the gossan and become more 
common towards the margins where adjacent stratigraphic 
units may be recognized. At the north end ofthe main gossan, 
a folded sequence of mixed sedimentary and mafic volcanic 
rocks of units 2 and 3 strike south into the alteration zone with 
minor local fault offsets. South of the alteration zone, coarse 
epiclastic volcanic breccia or tuff and overlying felsic 
volcanic tuff, tentatively equated with unit 3 and possibly 
unit 4, strike northeast into the alteration zone. The 
southeastern margin of the alteration zone grades into a 
relatively coarse grained, likely intrusive feldspar porphyry. 
In the southeastern part of the gossan, zones of massive silica 
form a series of prominent outcrops. Rare pseudomorphed 
textures suggest that the silica is a replacement of volcanic 
fragmental units. A small zone of quartz-alunite-pyrite 
alteration occurs to the west, topographically below the 
silicification. Minor amounts of covellite are associated with 
this zone. Abundant float of quartz-alunite-pyrite sericite 
pyrophyllitediaspore native sulphur covers the northern part 
of the gossan, and was probably derived from beneath the 
northern end of the small glacier on the nunatak. Foliation 
within the main gossan strikes northerly but swings to a more 
easterly direction in the eastem part of the zone. Boudinaged 
but unaltered mafic dykes also occur in the eastern part of the 
main gossan. 

Stratigraphic reconstruction of the north gossan is 
hindered by complex faulting. The eastern alteration 
boundary is gradational into epiclastic volcanic breccia and 
conglomerate of the upper part of unit 2 or lower part of 
unit 3. The western contact is not exposed, but bedded 
sedimentary strata of unit 2 strike directly into the alteration 
boundary. To the north, a small gully separates the alteration 
from a feldspar megaporphyritic dyke, which cuts across 
strata of unit 2 and shows decreasing alteration away from 
the main alteration zone. The eastern and upper part of the 
north gossan is dominated by massive silica similar to the 
main gossan. The majority of the north gossan, however, 
consists of strongly foliated and locally crenulated 
quartz-alunite-pyritekaolinite rock. 

Mapping, petrography, XRD analyses, mineral chemistry 
and limited whole rock chemistry, have refined the 
interpretation of the alteration zones. The important 
characteristics of the alteration zone are: 

Alteration cuts across and affects at least 200 m of 
stratigraphy. The lower contacts are not exposed. The 
structurally highest alteration affects the upper units of the 
Hazelton Group and lies 50-200 m below the highest 
volcanic rocks in the area. 

Both the main and north gossans contain zones ofinassive 
silicification in the highest parts of the alteration zones. 

The main zone is dominated by quartz-sericite alteration 
but contains small outcrops and abundant float of 
quartz-alunite alteration. The north gossan is dominated 
by quartz-alunite. Quartz-alunite in the main zone is 
associated locally with pyrophy llite-diaspore while 
kaolinite is more common in the north zone. This 
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mineralogical difference suggests that the north zone 
formed at lower temperatures, which is consistent with 
compositional trends in co-existing alunite (A. Thompson, 
pers. comm., 1992). 

Thompson and Lewis (1992) suggested that the Treaty 
Glacier alteration zones formed in the upper part of a 
magmatic-hydrothermal system similar to those that occur to 
the south in the Sulphurets region. Additional mineralogical 
work and field work during 1992 supports this interpretation. 
As alteration affects some of the stratigraphically highest 
units in the Hazelton Group which represent the close of 
magmatism in the region, it is likely that the upper part of the 
system lay close to paleosurface. No evidence for the 
paleosurface has been found in the alteration zone but the 
massive silicification may represent a paleo-water table with 
silicification resulting from the acidification of ground water 
at this level. There are two implications for metallogeny: 

1. Magmatic-hydrothermal alteration systems were active in 
the region until close to the end of Hazelton volcanism, 
which on the basis of the east ridge stratigraphy lies in the 
Middle Jurassic between the Aalenian and Bajocian 
stages. Jurassic magmatism, and alteration and 
mineralization apparently ceased with the onset of clastic 
sedimentation in Bowser Basin (Middle Bajocian
Bathonian.) 

2. The Treaty Glacier alteration system formed within 
200 m of paleosurface suggesting that there may be 
potential for high sulphidation epithermal mineralization. 
However, porphyry mineralization is likely to be at least 
500 m stratigraphically below the alteration zones. 
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deposit, Kamloops, south-central British Columbia 

K. V. Ross I , K.M. Dawson, C.l. Godwin I, and L. Bond2 

Mineral Resources Division, Vancouver 
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of the Ajax East orebody, a sub-alkalic copper-gold pOlphyry deposit, Kamloops, south-central 
British Columbia; in Current Research, Part A; Geological Survey of Canada, Paper 93-1A, 
p.87-95 

Abstract: The Ajax East pit, in the Afton mine district, on the southwestern side of the sub-alkalic Iron 
Mask batholith, was developed on copper-gold mineralization located 600 m east of the Ajax West pit. 
Porphyry-style mineralization, mainly pyrite and chalcopyrite, is located at the intersection of two dioritic 
phases of the Iron Mask pluton. 

Pit mapping at I :750 scale and logging of representative drill core sections in 1992 resulted in the 
recognition of nine major lithologies and a revised chronological order: (1) Nicola volcanics, (2) picrite, 
(3) hybrid diorite, (4) pegmatitic hybrid diorite, (5) Sugarloaf diorite, (6) pyroxene gabbro, (7) monzonite 
dykes, (8) syenite dyke and (9) quartz-eye latite dykes. 

Intense albitization in the Sugarloaf diorite is related both spatially and temporally to mineralization. 
Potassic alteration is most intensely developed in the relatively mafic hybrid diorite and Nicola volcanic 
units and is also related to mineralization. 

Resume: Le puits de mine d' Ajax East, dans Ie district minier d' Afton, sur Ie versant sud-ouest du 
batholite subalcalin d'Iron Mask, a ete installe sur une mineralisation cuprirere et aurirere situee a 600 m 
a l'est du puits de mine d' Ajax West. Une mineralisation de style porphyrique, principalement en pyrite et 
en chalcopyrite, se situe a l'intersection des deux phases dioritiques du pluton d'Iron Mask. 

La cartographie du puits de mine a I' echelle de 1/750 et la diagraphie, en 1992, de coupes representatives 
des carottes de forage, ont perm is d'identifier neuf lithologies principaies et de reviser l'ordre 
chronologique: I) roches volcaniques de Nicola, 2) picrite, 3) diorite hybride, 4) diorite hybride 
pegmatitique, 5) diorite de Sugarloaf, 6) gabbro a pyroxene, 7) dykes de monzonite, 8) dyke de syenite et 
9) dykes de latite oeiilee a quartz. 

L'albitisation intense de la diorite de Sugarloaf est associee a la fois dans l'espace et dans Ie temps a la 
mineralisation. L'alteration potassique atteint son degre maximum dans la diorite hybride relativement 
mafique et dans les unites volcaniques de Nicola et est egalement Me a la mineralisation. 

I Mineral Deposits Research Unit, Department of Geological Sciences, University of British Columbia, 6339 Stores 
Road, Vancouver, B.C. V6T 2B4 

2 Afton Operating Corp., P.O. Box 937, Kamloops, British Columbia V2C 5N4 
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INTRODUCTION 

The Ajax East orebody (500 37'N, 1200 24'W) is one of a 
number of porphyry copper-gold deposits of the Afton 
mining district in the sub-alkalic Iron Mask batholith. This 
district is located 12 km west of Kamloops and 360 km 
northeast of Vancouver. Estimated open pit reserves in the 
Ajax East zone are 7 million tonnes, with a stripping ratio of 
1.5:1, averaging 0.44% copper and 0.01 ounces of gold per 
tonne (Bond, 1987). Mining of the pit was halted in August 
1991. 

The Ajax East pit, situated on the southwestern side of the 
Iron Mask batholith at the intersection of two dioritic phases 
of the Iron Mask pluton, is located approximately 600 m east 
of the Ajax West zone (Fig. 1; Ross et ai., 1992). Porphyry
style mineralization consists of pyrite and chalcopyrite with 
trace amounts of bornite, chalcocite and molybdenite in a 
gangue of calcite, albite, potassium feldspar and minor 
quartz. Due to the lack of feldspathoids, the Iron Mask 
Batholith has been reclassified as a sub-alkalic batholith 
(Stanley, 1992). 

The objective of this study, a continuation of fieldwork 
started in 1991 on the Ajax West zone (Ross et aI., 1992) was 
to determine the temporal and structural relationships of the 
rock units within the Ajax East pit, as well as to examine the 
alteration and mineralization related to these units. Mapping 
was conducted at 1:750 scale and core from approximately 
50 drill holes was examined in detail. These data will be 
added to the Ajax West zone study in future descriptions of 
the mineralization and alteration patterns. 

GEOLOGY 

Pit mapping has delineated nine significantly different rock 
units (Fig. 2). Zircon U-Pb dating is currently underway on 
several of the major units. The current order, from oldest to 
youngest, is: Nicola volcanics, picrite, hybrid diorite, peg
mati tic hybrid diorite, Sugarloaf diorite, pyroxene gabbro, 
monzonite dyke, syenite dyke, and quartz-eye latite dyke. 
Major and trace element whole rock analyses are underway. 
Previous field and petrographic work (Carr, 1956; Preto, 
1968; Northcote, 1977; Bond, 1987; Kwong, 1987; Ross et 
al., 1992) is incorporated in the definition of the units. There 
has been a revision in the intrusive sequence; the hybrid 
diorite and pegmatitic hybrid diorite are mapped as older than 
the Sugarloaf diorite, rather than younger, as reported from 
the Ajax West pit (Ross et aI., 1992). 

The descriptions of alteration are based on field observa
tions. A statistical study of the alteration is in progress on the 
data gathered from drill core samples systematically col
lected at two plan sections at the 860 and 940 m level, and a 
cross-section striking 60 degrees northwest (Fig. 2, 3). This 
part of the study will be supported ultimately by microprobe 
analyses of representative samples. 
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(Unit 1) Nicola volcanics, is a strongly foliated, 
hornfelsed screen which strikes north 40 degrees east and 
occurs along the hybrid diorite/Sugarloaf diorite contact 
throughout the length of the pit (Fig. 2, 3). The volcanics are 
nonmagnetic, augite phyric. Much of the augite is replaced 
by pale green amphibole surrounded by red-brown biotite. 
The Nicola is mineralized with chalcopyrite and pyrite, as 
foliation parallel disseminations and as veinlets crosscutting 
foliation. Sugarloaf diorite intrudes the screen as numerous 
dykes and dykelets. The hornfelsing was probably generated 
initially by intrusion of the hybrid diorite and later by 
intrusion of the Sugarloaf diorite. K -feldspar-calcite ± epidote 
veins crosscut the foliation. 

(Unit 2) Picrite, as designated by Cockfield (1948) and 
Carr (1956), is characterized by serpentinized olivine 
phenocrysts, relict clinopyroxene phenocrysts and up to 25% 
secondary magnetite (Kwong, 1987). It occurs in the 
northeast comer of the pit where it is in contact with Sugarloaf 
diorite (Fig. 2) and is also apparent as fault slices within the 
screen of Nicola volcanics (Fig. 3). 

In hand sample picrite is a dark grey, aphanitic rock with 
rounded inclusions of olivine partially replaced by serpentine 
and magnetite. On sheared surfaces, waxy serpentine is 
characteristic. In thin section the corroded, serpentinized, 
coarse grained olivine phenocrysts are in a groundmass of 
aphanitic grey serpentinite and tremolite. 

Disseminated pyrite and chalcopyrite occur one to two 
centimetres from contacts with the Sugarloaf diorite. 
Xenoliths of picrite within the Sugarloaf diorite appear to be 
affected by albite alteration. 

(Unit 3) Hybrid diorite, a fine- to coarse-grained inter
mediate unit, with mafic to ultramafic phases, characterized 
by abundant disseminated magnetite, occurs on the north
western side of the pit (Fig. 2, 3). The medium- to coarse
grained phases predominate in the East pit. 

In hand sample the rock is typically dark grey to green, 
composed of medium- to coarse-grained pyroxene, feldspar 
(An3S) and magnetite. Foliated, mineralized xenoliths of 
Nicola are incorporated in the unit. Chlorite and biotite 
replace pyroxene. The hybrid unit is only locally affected by 
strong albitization, but potassic alteration, characterized by 
hydrothermal biotite, is strongly developed. Hydrothermal 
biotite occurs pervasively throughout the unit and as selvages 
on K-feldspar-calcite-diopside ± epidote ± albite? veins. 
Pervasive and selvage biotites may differ compositionally. 
Propylitic alteration assemblages are intensely developed in 
sheared zones. 

(Unit 4) Pegmatitic hybrid diorite consists of medium- to 
very coarse-grained pyroxene, plagioclase and magnetite. 
The coarse grained phase predominates, but appears to be 
consanguineous with the medium grained phase. Coarse 
grained mafic clasts occur in a finer grained more felsic 
matrix. This complex agmatitic unit occurs in the Ajax East 
pit as very localized patches of clasts in felsic matrix. How
ever, the unit occurs in large areas north ofthe Ajax West and 
East pits (Fig. I). Epidote alteration is common. 
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(Unit 5) Sugarloaf diorite, a fine- to medium-grained por
phyry, with characteristically elongate hornblende and 
plagioclase phenocrysts that are enclosed in a medium grey 
matrix. This unit, that has been mapped on a regional scale 
(Preto, 1968), occurs on the southeastern side of the Ajax East 
pit (Fig. 2, 3). This unit displays considerable textural 
variation, ranging from fine grained, weakly porphyritic to a 
medium grained crowded (phenocryst-rich) porphyry, com
monly with trachytic texture. 

In thin section the unit contains olive green, strongly 
pleochroic hornblende as prismatic crystals and needles. 
Feldspar makes up 55% of the rock, either as sericitized, 
ghostly, equant to tabular phenocrysts or as an aphanitic, 
sericitized ground mass. 

Albitization is intensely developed and is commonly 
associated with mineralization. Alteration assemblages grade 
from weak propylitic to intense albitic. Pervasive epidote and 
chlorite after hornblende occur in weakly propylitized rock. 
Disseminated pyrite content varies from absent to several per 
cent. Albite envelopes are developed outward from veins 
containing albite-diopside-epidote. As albitization intensity 
increases, the envelopes coalesce to form a uniformly 
textured fine grained white rock. Albite-diopside-anhydrite 
veinlets also occur. K-feldspar-calcite-diopside ± epidote ± 
albite? veins with chlorite (after biotite?) envelopes occur 
within both intensely albitized rock and propylitically altered 
rocks. The composition of the various types of plagioclase 
alteration and their zonal distribution is under investigation. 

(Unit 6) Pyroxene gabbro is a medium- to coarse-grained 
amphibole- and pyroxene-phyric unit with a dark grey matrix 
that occurs as a dyke within the Sugarloaf diorite (Fig. 2, 3). 
It has very limited exposure in the East pit and its orientation 
is uncertain. 

In thin section this unit is a medium grained, crowded 
porphyry. Hornblende phenocrysts make up to 30% of the 
assemblage and may be after pyroxene. The groundmass of 
microcrystalline secondary hornblende and sericitized 
aphanitic feldspar apparently is affected locally by the 
albitization. 

(Unit 7) Monzonite dyke, is a fine grained porphyry with 
hornblende and plagioclase phenocrysts in a feldspar matrix 
with approximately 2% disseminated magnetite. This unit 
was grouped with the Cherry Creek suite (Ross et aI., 1992), 
but probably belongs with the Sugarloaf diorite suite. The 
petrographic affinity will be investigated in conjunction with 
a larger study on the Iron Mask units (Snyder and Russell, in 
progress). A major dyke traverses southeastward across the 
Ajax East pit, cutting the Nicola volcanics, the hybrid diorite 
and Sugarloaf diorite (Fig. 2). A second large dyke separates 
the Sugarloaf and hybrid diorites on the northeastern wall of 
the Ajax East pit, and a third dyke partially separates the 
screen of picrite in the northeastern comer of the pit from the 
Sugarloaf diorite. Numerous smaller dykes occur within the 
hybrid diorite on the northwestern waIl of the pit. The dykes 
are typically fine grained, blue-grey to pinkish with character
istic grains of magnetite, and commonly, a pervasive epidote 
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alteration. The pinkish colour is due to pervasive K-feldspar 
alteration that occurs sporadically in some dykes and is absent in 
others. Disseminated chalcopyrite and pyrite occur in trace amounts. 
Unmineralized calcite veins crosscut mineralization. 

In addition to epidote alteration in the larger dykes, and 
localized pervasive K-feldspar alteration, many of the smaller 
dykes appear to have been albitized. One dyke in particular 
is totally albitized though the primary texture is preserved. 

(Unit 8) Syenite dyke, occurs parallel to a monzonite dyke 
(Fig. 2). Only one dyke has been noted. It is medium grained, 
and consists dominantly of pink potassic feldspar. 
Mineralization is not apparent in hand sample. 

(Unit 9) Quartz-eye latite dyke, is hornblende, potassium 
feldspar and quartz phyric. These dykes cut the Sugarloaf 
diorite and the picrite (Fig. 2). The largest dyke is approx
imately 5 m wide and can be traced along the entire length of 
the southeastern side of the pit. A second large dyke occurs 
at the contact between the hybrid and the Sugarloaf diorites 
in the southwest comer of Ajax East pit, but could not be 
traced beyond the pit wall. These dykes postdate alteration, 
mineralization and many of the faults. Similar dykes are 
reported in the Afton pit (Kwong, 1987) and Ajax West pit 
(Ross et aI., 1992). 

In hand sample this unit is a uniform, fine grained, 
porphyritic, brownish pink rock with hornblende needles, 
characteristic quartz and K-feldspar phenocrysts and minor 
amounts of disseminated pyrite. Quartz veining, accom
panied by bleaching and silicification of the host rock, is 
associated with these dykes. 

Magnetite-rich dykes (unit not defined) occur at several 
localities in both the Sugarloaf and hybrid diorites. These dis
continuous dykes, less than a metre in width, are too smaIl to 
appear on the map. 

STRUCTURE 

Attitudes of both mineralized and unmineralized structures in 
Ajax East orebody are predominantly EW/90°, oblique to 
principal intrusive contacts that strike northeast and dip 
moderately northwest. Contoured stereogram plots of poles 
to Ajax East mineralized and unmineralized structures are 
given in Figures 4 and 5 respectively. Average structural 
trends are given in Table 1. Intrusive contacts between older 
units, i.e. Nicola volcanics, picrite, Sugarloaf diorite and 
hybrid diorite, commonly are loci of subsequent faulting and 
mineralization. In contrast to Ajax East, attitudes of structures 
in Ajax West orebody (not illustrated) shift significantly from 
early, mineralized (NE/75°NW) to late, unmineralized 
(SE/65°SW) and moderately to shallowly dipping structures 
predominate. Unmineralized faults in both Ajax orebodies 
are concordant with the dominant southeast to east-southeast 
strike of regional faults, and represent a Late Mesozoic to 
Early Tertiary structural overprint on pre-mineralization 
northeast and east-west-striking structures. 



Figure 4. 

Contoured poles to planes, Schmidt 
projection , mineralized structures at Ajax East: All Minerollzed Structures; 0- 169 

Ajax East pit, Afton mine. 

Ajax EilSt : Mineralized Fau lts, Shc:lIS; n-30 

Ajax East : All VnmlneraJlted Structures ; 0-205 Ajax East: Unminero.Jlzed JOinls. Fractures; n-45 

Ajax East: Vnmlneralized Faults, Shears; n-128 Ajax East: Vnmlneralized Dyke Cont.cts; 0-32 

K.V. Ross at al. 

Ajax East: Mineralized Veins, FmclUres; n-113 

N 

Ajax East: Mlnemlized Dyke CO UIOCt S; n-26 

Figure 5. 

Contoured poles to planes, Schmidt 
projection, unmineralized structures at 
Ajax East pit, Afton mine. 
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Table 1. Average attitudes of structures in and adjacent to Ajax East and Ajax West pits, Afton mine 

Ajax East Ajax West Regional 

cut Iron cut Iron 
Mask, Mask, Nicola, 

mineralized unmineralized mineralized unmineralized Nicola Kamloops 

Faults, shears 085/90 108n5SW 062/70NW I 53/75NW strike 135 strike 102 
*140/85SW 135/80SW 00/55W 030/60 NW 

n=30 n=128 n=75 n=55 n=18 n=64 

Veins, fractures 115/90 090/90 145/85SW 135/45SW 
105/90 075/85SW 
n=113 n=45 n=51 n=24 

Dyke contacts 115/90 078/90 083/85N 090/85N 
100/85S 

n=26 n=32 n=15 n=IO 

Average of all 100/90 090/90 070/75NW I 55/65SW 
structures 115/85S 

n=169 n=205 

Nicola Group 
volcanic, 
sedimentary 
bedding 

'" second attitude is secondary structural trend in each case 

CONCLUSIONS 

Detailed mapping of the Ajax East pit has delineated nine 
major rock units. The relative ages of these units is pro
visionally defined by contact relationships exposed in the pit 
and in drill core. Lithogeochemical trends and zircon dating 
of the units may refine compositional and age relationships. 

Albitization is spectacularly developed within the 
Sugarloaf diorite and is spatially and temporally related to 
mineralization. Potassic alteration is more intensely 
developed in the relatively mafic hybrid diorite and Nicola 
volcanic units and may also be closely related to mineraliza
tion. Future statistical analysis of data, supported by micro
probe work will help define alteration and mineralization 
zonation patterns. 

The dominant EW/90° attitude of both mineralized and 
unmineralized Ajax East structures differs from that of Ajax 
West and regional rocks. 
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Geochemistry of tourmalinite, muscovite, and 
chlorite-garnet-biotite alteration, Sullivan 
Zn-Pb deposit, British Columbial 

David R. Shaw2, C. Jay Hodgson3, Craig H.B. Leitch, and 
Robert J.W. Turner 

Mineral Resources Division, Vancouver 

Shaw, D.R., Hodgson, C.J., Leitch, CH.B., and Turner, R.J.W., 1993: Geochemistry oj 
tourmalinite, muscovite, and chlorite-garnet-biotite alteration, Sullivan Zn-Pb deposit, British 
Columbia; in Current Research, Part A; Geological Survey ojCanada, Paper 93-1A, p. 97-107. 

Abstract: The tounnalinite body underlying the western portion of the Sullivan deposit is enriched in 
B203, MgO, and MnO and depleted in K20, CaO and Na20 and reflects replacement offeldspar and micas 
by tounnaline in the host sedimentary rock. The tounnalinite zone is enveloped by a zone of muscovite 
altered rocks which grades outward into unaltered sedimentary rock. Muscovite- altered rocks are enriched 
in K20 and MnO, and depleted in CaO, Na20, and Fe203 due to the absence of feldspar and biotite, and 
increased abundance of muscovite. Chlorite-biotite-garnet alteration may represent partial chloritization 
of biotite-garnet-altered rocks near tounnalinite and/or Moyie gabbro intrusions. Chlorite-biotite-gamet 
altered rocks are enriched in Fe203, MgO, and MnO and depleted in CaO, Na20, and K20 due to increased 
abundance of biotite, chlorite, and gamet, absence of feldspar, and decrease in muscovite relative to 
unaltered rocks. 

Resume: Le corps de type tounnalinite sous-jacent a la partie ouest du gisement de Sullivan est enrichi 
en B203, MgO et MnO et appauvri en K20, CaO and Na20, et temoigne de la substitution du felspath et 
des micas par de la tounnaline dans la roche hote sedimentaire. La zone a tounnalinite est entouree par une 
zone de roches alterees en muscovite, qui passe vers l'exterieur a une zone de roches sedimentaires non 
alterees. Les roches alterees en muscovite sont enrichies en K20 and MnO, et appauvries en CaO, Na20 
and Fe203, en raison de l'absence de feldspath et de biotite, et de l'abondance accrue de la muscovite. 
L'alteration en chlorite-biotite-grenat pourrait correspondre a une chloritisation partielle des roches aiterees 
en biotite-grenat pres de la tounnalinite ou des intrusions de gabbro de Moyie, ou des deux a la fois. Les 
roches alterees en chlorite-biotite-grenat sont enrichies en Fe203, MgO et MnO et appauvries en CaO, 
Na20 et K20, en raison de I'abondance accrue de la biotite, de la chlorite et du grenat, de l'absence du 
feldspath et de la diminution de la quantite de muscovite par rapport aux roches non aIterees. 

1 Conlribution No. 12, Sullivan-Aldridge Project 
2 8431 58th Avenue N.W., Calgary, Alberta T3B 4B4 
3 Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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D.R. Shaw et al. 

INTRODUCTION 

The Sullivan orebody is a classic example of a stratiform 
sediment-hosted zinc-lead deposit (Hamilton et aI., 1982). 
Sullivan is unique among stratiform deposits in the degree 
and extent of altered rocks associated with the orebody (Shaw 
and Hodgson, 1980a, b, 1986; Hamilton et aI., 1982; Leitch 

and Turner, 1991, 1992; Turner and Leitch, 1992). This 
paper and its companion (Shaw et aI., 1993) present the 
geochemistry of altered rocks associated with the Sullivan 
deposit and focus on the relative gains and losses of elements 
in altered rocks relative to unaltered sedimentary rocks that 
host the orebody. 

Table 2. Chemical analyses of tourmalinites, muscovite altered, chlorite-biotite-garnet-altered, and 
carbonate-muscovite altered rocks from the Sullivan deposit 

Zn Ag Sb Hi Fe As Ba Ifn Sn 

lbaltered _tan' rocJcs at the !hllivan 1Iine: 1.1 lootwall; 1. 2 and 1.3 hangil1<J'lall. 

U9(H) 13. 22 12. 16 4.66 1.06 1.16 .19 3.56 .50.09 1.420.41 98.82 12 52 108 0.2 

U9H 10.56 13.01 4.21 t.l2 1.45 1.15 3.33 .52.09 1.05 0.23 91.21 20 71 U5 0.2 

1191-2 11.64 13. 21 4.34 1.49 1.42 1.)1 3.32 .52.11 1.32 0.11 98 .68 20 11 106 0.2 

1192-il 71.61> 13.36 US 1.34 1.17 .80 3.87 .53 .01 1.63 0.51 98.98 30 11 129' 0.2 

1013-il 16.05 11.64 3.08 .84 2.16 .66 3.07 .51 .08 1.02 0.01 99.71 12 85 66 0.2 

102Q-j) 73. 26 11.02 4.27 .95 2.66 .38 2.52 .46.06 1.31 1.42 96.89 14 1430 1840 1.3 

1012-il 62.55 19.18 4.98 .97 .61 .18 6.53 .15.09 2.160.14 99.26 36 l2 10 0.2 

1021-2 64.58 11.23 7.22 1.58 .31 .31 4.96 .69.13 2.88 0.06 99.95 38 112 680 0.2 

1021-1 63.65 11.31 7.23 1.54 .31 .41 4.94 .69 .12 2.80 0.21 99.00 33 131 106 0.2 

2.9 2 2.03 620 108 10 260 2.78 1.1 

2.1 10 1 1.56 534 764 10 150 2.18 1.1 

2.1 12 I 1.24 550 729 10 Nl\ 2.18 1.1 

2.1 

1.4 

1.9 

2.2 

3.7 

3.4 

1.11 683 644 10 120 2.18 1.1 

2 0.61 415 959 20 250 2. 18 1.2 

3 0.71 333 1436 22 1100 2.78 1.2 

I 1.40 851 471 30 

3 1.02 671 738 11 

90 2.18 1.3 

Nl\ 2.78 1.3 

1 1.01 660 130 36 1000 2.78 1.3 

ItJ900vite alteratioo: 2.0 large zones sulphide-rich; 2.1 large zones sulphide-IX>Qr; 2.2 narf'OW zones cutting toormalinite; 2.0-2.2 average rru.srovite alteratioo. 

1061-il 43.16 10.02 34.01 1.09 .15 .31 2.39 .41 Nl\ 5.97 0.14 98.11 406 1400 9800 4.6 12 25 20.1 1 14.88 233 11100 135 Nl\ 3.2 2.0 

1070-il 56.2912.64 18.19 0.93 .21 .45 3.86 .52 Nl\ 4.77 0.01 98.12 211 6200 10600 18.3 

1083-il 51.09 11.35 24.88 .95 .24 .30 3.31 .44 NA 6.cl 0.71 98.11 300 6300 8400 25.6 

1085-il 50.93 10.82 25. 04 .80 .23 .52 3.22 .45 NA 4.780.31 96.19 320 4800 9800 22.6 

121M 51.54 9.11 19.98 .92 .28 .24 2.54 .39.09 4.65 0.29 96.34 385 1810 18200 5.6 

1014-0 61.14 13.93 8.55 .87 .24 .43 4.19 .5) NA 3.93 0.28 94.41 100 lSOOO 32500 36.0 

1081-il 61.7512.11 16 .12 1.24 .29 :28 ).80 .64 Nl\ 4.71 0.27 101.80 260 76 86 0.5 

1089-il 61.)3 11.84 ]0.30 2.04 .81 .35 ).)5 .51 NA 2.700.31 99.29 69 1650 8200 4.5 

10'JQ-j) 68.95 12.91 9.33 1.55 .38 .33 3.49 .62 NA 3.14 0.14 100.10 137 3670 4600 10.9 

1091-1 67.36 14.02 8.02 1.53 .33 .31 4.29 .61 Nl\ 3.61 0.22 100.08 80 990 6500 2.3 

1091-2 67.66 14 .04 8.20 1.63 .33 .31 4.32 .61 Nl\ 1.380.03 100.48 82 940 6200 2.5 

1093-il 61.69 12.42 15.56 1.33 .60 .25 3.66 .53 Nl\ 3.860.15 99.90 216 1900 2970 12.7 

1094-il 68.66 12.57 6.55 .91 . 29 .35 3.89 .60 NA 2.71 0.02 96.53 100 2270 32400 3.8 

1095-6 65.22 12.41 10.89 1.28 .35 .28 3.72 .58 NA 3.61 0.04 98.40 190 2120 14500 3.0 

1095-7 64.69 12.42 10.91 1.26 .35 .38 3.70 .57 Nl\ 3.570.04 91.85 195 2120 14000 1.4 

1095-8 63.33 12.50 10.34 .60 .26 .31 3.69 .57 .08 4.23 0.15 95.94 16] 1910 13600 3.0 

1095-9 62.97 12.59 10.67 1.18 .30 .34 3.68 .57.10 5.24 0.16 97.64 168 1160 moo 3.0 

1095-5 66.00 12.70 10.97 1.26 .35 .39 3.78 .58 Nl\ 3.61 0.01 99.64 ]80 2000 12200 3.2 

1095-4 65.16 12.58 10.88 1.33 .35 .41 3.12 .57 Nl\ 3.650.01 98.65 116 1900 119OO 3.4 

1095-1 65.16 12.64 10.88 1.21 .35 .42 3.71 .57 Nl\ 3.700.08 98.70 176 1640 15200 3.7 

1095-2 66.22 12.52 U.15 1. 24 .35 . 17 3.13 .58 NA 3.51 0.27 99.47 118 1860 13500 3.2 

1095-3 64.84 12.52 10.78 1.29 .35 .35 3. 70 .57 NA 3.590 .01 97.99 180 1940 14700 3.3 

1095-10 

1095-11 

1095-13 

1095-12 

1095-14 

0.09 

0.01 

O.ll 

0.02 

157 1900 13500 1.0 

118 2220 15200 3. 1 

169 1960 15800 2.9 

164 1900 16100 3.1 

169 1880 NA 3.1 

1105-il 59.52 13.42 15.58 1.33 1.2'1 .41 3.91 .52 Nl\ 3.25 0.37 99.24 230 3200 3260 18.6 

1106-1 69.13 10.98 9.83 .91 .48 .26 3.30 .41 NA 3.06 0.01 98.42 116 440 14100 1.3 

1106-2 70.29 11.22 10.09 .98 .50 . 22 3.38 .40 NA 2.93 0.03 100.01 122 450 11500 1.0 

1108-il 64.34 ]).08 12.93 2.06 .69 .43 3.26 .54 NA 2.99 0.13 100.32 105 350 370 0.9 

1186-il 59.3212.69 15.15 1.21 .65 .38 3.15 .50.10 3.810.01 97.32 239 2720 4000 14.6 

1188-il 64.74 14.65 6.05 .42 .33 .36 4.23 .63.10 2.47 0.26 94.00 24 15600 11000 18.3 21 

1189-il 64.65 14.62 9.05 .30 .36 .36 4.24 .68 . 12 2.700. 12 91.08 50 ~2'/0 139 7.8 

23 12.4 90 1 9.29 493 1603 2W Nl\ 2.1 2.0 

8] 16. 2 350 40 11.0] 315 4028 240 Nl\ 3.0 2.0 

68 15.0 10 1 11.18 325 303 250 IIA 3.0 2.0 

9 12.7 ]63 12 9.51 164 1036 82 IIA 2.94 2.0 

38 6.0 15 1 4.88 403 523 300 550 2.8 2.1 

2 10.2 50 1 6.63 448 381 250 350 2.1 2. 1 

6.3 5 3.56 231 1552 80 IIA 2.6 2.1 

23 5.9 50 3 3.93 355 35] 245 Nl\ 2.9 2.1 

4.8 42 1 2.90 379 876 120 290 2. 7 2.1 

4.2 45 1 3.29 352 968 120 250 IIA 2. 1 

31 8.1 6000 4 6.69 247 2850 245 Nl\ 2.8 2.1 

4.3 250 6 3.86 335 494 175 Nl\ 2.8 2.1 

1.1 110 1 5.47 354 401 200 Nl\ IIA 2.1 

6.5 130 1 5.84 351 418 205 Nl\ Nl\ 2.1 

2 7.0 125 4 5.16 391 526 175 Nl\ Nl\ 2.1 

2 6.1 9] 5.50 381 512 179 NA IIA 2. 1 

3.5 110 1 5.68 356 416 205 IIA Nl\ 2.1 

2 7 .0 110 6 5.96 367 406 200 Nl\ NA 2.1 

6.1 130 4 5.84 362 410 200 5BO 2.8 2.1 

1.2 125 1 5.16 171 ]96 205 570 IIA 2.1 

6.8 130 1 5.38 364 399 200 Nl\ IIA 2. 1 

6.9 98 3 5.45 383 485 176 Nl\ Nl\ 2.1 

6.1 105 5 6.00 395 565 172 Nl\ Nl\ 2.1 

6.7 105 6 5.88 381 499 171 IIA Nl\ 2.1 

6.9 113 7 5.47 379 514 173 IIA Nl\ 2.1 

6.7 100 7 5.91 375 513 178 Nl\ Nl\ 2.1 

64 10.2 275 6 6.99 248 2933 186 Nl\ 3.0 2. 1 

6.8 12 1 4.79 217 812 275 Nl\ 2.1 2.\ 

6.4 15 1 4.85 198 904 215 Nl\ Nl\ 2.1 

1.8 1 2.99 247 1m 210 NA 2.1 2. 1 

55 9.1 1800 10 6.32 219 3482 95 110 3.45 2.1 

3.6 15 ] 2.69 303 1318 90 140 2.86 2.1 

5.] ].31 ]19 1130 54 500 2.86 2.1 

99 



Paper/Etude 93-1 A 

This paper is based on underground mapping and 
sampling by Shaw from 1976 to 1979 at the Sullivan mine, 
as part of a Ph.D. thesis under the supervision of Hodgson at 
Queen's University, and ongoing work by Leitch and Turner. 
Geochemistry reported in this paper is based on samples 
collected by Shaw and analyzed by Cominco Ltd. 

ANAL YTICAL PROCEDURES 

Analyses were completed at the Cominco Exploration 
Laboratory, Vancouver, B.C. under the supervision of Jeff 
Harris between 1977 and 1980. Major elements were 
determined by X-ray fluorescence (Si02, A1203, Fe203(T), 
MgO, CaO, Na20, K20, Ti02, P20S). Loss on ignition (LOI) 

100 

Table 2. (cont.) 

?nI<JSbBiFells Ba Hn Sn SG Ilx:K 
mE 

l2O'Hl 57.65 12.83 16.32 2.15 .56 .18 3.19 .51 .10 4.40 0.32 97.89 220 3050 4900 9.3 8 10.2 5 7.15 429 983 220 230 2.94 2.1 

!2l2-{) 64.48 10.54 15.06 1.17 .36 .17 2.54 .38.09 3.79 0.45 98.58 269 920 4400 4.0 10 9.3 64 30 6.46 179 1525 90 NA 2.94 2.1 

122J-{) 64.05 11.48 12.91 2.12 .69 .19 2.54 .44 .10 3.62 0.42 98.14 167 59 96 0.2 8.4 6 5.06 291 1JJ3 284 NA 2.63 2.1 

1214-{) 56.60 10.95 20.54 .17 .21 .18 3.14 .42.09 4.730.05 97.03 385 7700 8080 D.3 D D.2 32 30 9.86 302 499 246 150 3.03 2.2 

1215-{) 53.27 10.10 23.40 .95 .63 .14 2.38 .40.08 5.06 0.55 96.41 402 2J()() 11500 5.2 7 15.1 5 lOll 10.48 192 955 349 520 3.03 2.2 

1216-{) 53.28 11.95 21.42 1.01 .25 .12 3.03 .46.06 10.37 0.01 101.95 610 11500 3680 21.9 16 16 14.0 35 8.93 280 781 260 290 3.23 2.2 

1221-2 52.61 13.47 19.68 4.27 .35 .35 1.66 .55.09 5.11 0.05 98.14 250 920 3720 3.4 5 D.I 39 10 6.30 216 2064 179 NA 2.94 2.2 

1221-1 52.5513.43 19.47 3.55 .35 .(f1 1.67 .55.08 5.(f1 0.30 96.79 217 900 3400 3.0 6 12.2 22 5 6.16 215 2038 186 3300 2.94 2.2 

122Z-{) 24.43 18.46 38.48 4.55 .20 .28 3.87 .73 .12 9.01 1.08 lOO.D 437 440 21100 1.3 2 22.0 10 D.57 530 1880 279 110 3.23 2.2 

Footwll t.aJnalinite: 3.1 eastern triD:.Je, sulJ:hlde-rich: 3.2 eastern fringe, sulphide-lXXlr; 3.3 central shallC1oi; 3.4 central deep; 3.1-3.4 average tourmalinite: 3.0 partially 
toormlinized rock. 

1071-1 63.04 15.82 8.59 1.36 .31 .48 4.26 .68 NA 3.25 0.01 97.79 109 6800 3300 19.6 24 5.5 15 20 3.68 482 395 290 3900 2.1 3.0 

1071-2 63.98 16.20 8.51 1.34 .31 .33 4.30 .67 NA 3.32 0.01 98.96 110 640 J090 19.1 25 4.8 15 22 3.36 392 381 295 NA NA 3.0 

1(f12-{) 53.98 14.83 18.14 2.29 .45 .14 2.02 .62 NA 4.190.34 91.26 225 10200 5800 34.0 10 34 9.0 35 I 8.43 185 117 190 8100 2.9 3.0 

1081-2 63.02 11.65 D.61 1.75 .39 .59 1.75 .56 NA 3.190.17 96.51 192 D500 3420 38.0 36 6.8 30 I 7.03 211 284 210 NA NA 3.0 

1081-1 63.(f1 11.61 D.57 1.66 .39 .57 1.73 .57 NA 3.24 0.04 96.41 196 l8l00 3880 35.0 44 1.7 35 I 6.65 211 293 205 6300 2.8 3.0 

1082-{) 51.18 10.18 24.64 1.97 .44 .63 1.48 .50 NA 4.15 1.25 95.77 347 9100 950 26.0 9.2 280 I 12.64 181 1253 230 5200 3.1 3.0 

1084-{) 58.04 18.77 9.D 2.(f1 .45 .11 3.17 .80 NA 3.10 0.12 96.30 89 8100 1640 16.4 18 5.1 280 I 3.30 356 331 315 NA 2.9 3.0 

1102-{) 68.17 14.83 1.01 1.71 .64 .48 2.90 .68 NA 2.310.01 98.19 94 384 4000 1.2 3.5 18 8 2.16 263 262 205 6800 2.8 3.0 

1103-{) 66.18 15.18 4.84 1.11 .62 .36 4.43 .69 NA 2.700.01 96.11. 53 14000 D400 41.0 19 lOll 2.1 275 4 2.12 314 269 270 1200 2.1 3.0 

1104-{) 75.67 14.63 2.21 1.44 .57 .39 3.51 .66 NA 1.34 0.02 100.42 21 240 210 1.2 1.0 8 0.68 341 185 250 4900 2.1 3.0 

1065-{) 55.94 9.71 26.04 1.35 .33 .71 .17 .45 NA 4.140.04 98.84 300 1090 84 3.8 2 D.8 180 I lJ.41 10 213 340 NA 3.0 3.1 

1(f13-{) 60.46 8.70 18.08 1.83 .31 .61 .81 .36 NA 3.85 0.08 94.38 228 13400 23500 39.0 30 30 11.4 125 1 10.83 10 411 90 NA 3.0 3.1 

1(f16-2 55.29 8.82 10.73 1.67 .28 .92 .21 .32 NA 4.32 0.15 82.56 116 19400 80000 41.0 198 5.2 50 1 10.67 10 944 230 NA NA 3.1 

1(f16-1 55.41 8.75 10.67 1.67 .28 1.00 .20 .33 NA 3.420.15 81.73 115 19200 76000 30.0 180 5.3 60 I 10.58 10 931 260 NA 3.0 3.1 

lfm-{) 46.93 11.36 9.38 2.19 .33 1.05 .34 .47 NA 4.26 0.01 76.31 160 27800 58000 16.0 264 10 4.6 10000 55 9.14 10 290 385 NA 3.2 3.1 

1(f18-{) 41.94 9.54 10.16 1.95 .34 1.37 .11 .36 NA 5.40 0.50 11.11 105 15300 92000 41.0 52 11 5.0 40 10 12.45 10 1074 lJO NA 3.0 3.1 

1099-{) 62.70 7.95 12.91 1.14 .98 .80 .40 .33 NA 3.60 0.19 91.41 166 11600 23200 46.0 83 18 6.9 30000 20 7.98 10 111 80 NA 2.8 3.1 

HOI)-{) 57.82 8.19 10.89 1.94 .47 .76 .05 .26 NA 1.780.18 82.16 160 31800 35600 96.0 91 228 5.4 8500 I 8.28 10 486 145 NA 3.0 3.1 

1101-1 52.39 8.51 13.71 1.98 .51 .96 .D .31 NA 4.19 0.09 82.15 240 9800 80000 33.0 65 21 7.4 12500 25 12.89 10 884 90 NA 3.0 3.1 

1101-2 51.78 8.52 !J.84 1.92 .59 1.82 .13 .29 NA 5.49 0.06 84.38 230 12400 89000 27.6 66 24 8.6 10000 25 12.31 10 895 95 NA NA 3.1 

1218-{) 54.42 8.53 21.64 1.33 .26 .41 .01 .32.08 4.08 0.27 91.08 458 38400 179 76.0 15 70 13.5 .ji'2 50 12.55 10 402 344 NA 3.03 3.1 

1075-{) 63.42 10.76 8.67 2.09 .35 .88 .23 .38 NA 2.85 0.01 89.63 95 27500 31800 56.0 40 54 3.8 25 I 5.11 10 602 155 NA 2.8 3.2 

1(f19-{) 81.73 8.18 4.11 1.16 .24 .49 .16 .42 NA 1.09 0.48 98.24 27 8800 1280 14.8 16 2.0 10 3 1.40 10 607 330 NA 2.8 3.2 

1080-{) 68.74 10.12 14.06 1.78 .36 .18 .16 .48 NA 2.09 0.01 98.51 164 790 245 2.1 7.0 22 I 6.55 10 228 235 NA 2.7 3.2 

1086-1 76.59 12.07 3.45 1.79 .36 .46 1.14 .47 NA .92 0.08 97.25 24 1380 5200 3.~ 15 1.4 260 9 1.06 120 291 D5 10100 NA 3.2 

1086-2 70.03 10.89 2.94 1.44 .31 .02 .96 .37 NA .86 0.08 87.82 20 1260 4900 2.8 1.3 Z'lO 8 1.10 Jl8 316 1J5 10000 2.6 3.2 

1092-{) 66.01 11.80 12.11 1.80 .66 .57 1.35 .54 NA 3.36 '0.36 98.20 146 7900 116 14.3 5.6 I 5.57 122 404 140 8200 2.8 3.2 

1096-1 67.41 8.31 !J.85 1.40 .42 .56 .93 .35 NA 3.03 0.12 96.26 230 4900 19300 14.8 11 8.7 1200 I 7.61 84 423 105 5600 2.8 3.2 

1096-2 67.78 8.30 14.09 1.39 .41 .42 .94 .34 NA 3.05 0.09 96.72 240 4700 !5300 1J.4 16 8.4 D50 I 1.44 69 423 105 5400 NA 3.2 

1118-{) 61.03 10.49 11.35 2.10 1,31 1.01 .36 .38 NA 2.15 0.22 90.18 225 8300 16400 24.8 10 28 6.2 600 175 5.35 37 365 22400 NA 2.8 3.2 

1119-{) 67.28 11.48 9.41 1.72 .53 .61 .40 .46 NA 1.98 0.24 93.87 125 12400 16300 23.0 20 4.7 200 1 4.38 42 379 230 11500 2.8 3.2 

1210-{) 69.53 12.19 5.99 2.62 .24 .52 .01 .47 .07 1.79 0.10 93.43 71 336 3900 2.2 16 2.8 9880 30 2.20 10 351 58 16600 2.86 3.2 

1211-1 76.70 8.45 5.83 .72 .56 .41 .16 .32 .07 1.01 0.20 94.23 76 10400 4120 33.9 14 101 3.4 150 2.86 10 375 339 8700 2.78 3.2 

1211-2 76.85 8.42 5.80 1.32 .56 .52 .15 .31 .07 .92 0.22 94.92 76 9600 4520 33.6 12 103 2.9 1 200 2.89 10 370 327 N1!. 2.18 3.2 

1211-{) 74.53 10.80 5.93 1.96 .39 .43 .01 .42.08 .790.16 95.34 41 695 102 3.8 2.4 95 10 1.43 10 358 89 10000 2.78 3.2 

1219-{) 0.06 120 28800 1J60 48.0 162 51 6.0 1J600 75 4.81 10 390 1JJ 5800 2.86 3.2 
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was determined gravimetrically. The Cu, Pb, Zn, Ag, Sb, Bi, 
and acid-dissolved iron (Fe) were determined by atomic 
absorption spectrophotometry; Wand As were determined by 
colourimetry; S, Ba, Mn, and Sn by X-ray fluorescence of 
unfused pressed pellets; and C02 by acid evolution and 

gravimetric analysis. Boron was determined by emission 
spectrography by Correlation Laboratories Ltd., Cobden, 
Ontario between 1979 and 1981. 

This paper presents the results of 150 analyses of 110 
samples of altered rocks from the Sullivan deposit. Average 
chemical compositions are presented in Table 1 and 

Table 2. (cont.) 

'lnAgSbBiFeAs Ba Hn Sn SG= 
TIPE 

1041-2 12.19 11.99 7.96 2.77 .41 .60 .01 .48 NA .86 0.08 97.26 69 24 14 0.1 3.3 JO 25 2.01 JO 281 65 14000 NA 3.3 

1041-1 7J.J9 11.91 7.% 2.73 .41 .75 .01 .48 NA .87 0.06 %.30 76 24 12 0.6 3.4 15 20 2.04 56 236 70 10500 2.7 3.3 

1042-{) 70.33 12.44 8.38 2.75 .63 .81 .01 .55 NA .82 0.04 %.71 105 284 1.7 17 3.6 280 I 2.76 JO 127 80 11500 2.7 3.3 

1061-1 67.77 11.73 11.59 2.80 .53 .94 .Ol .47 NA 1.550.09 97.38 210 382 102 3.0 44 5.6 2000 10 4.28 10 1074 115 11600 2.7 3.3 

1061-2 68.37 11.63 11.43 2.64 .53 .86 .01 .47 NA 1.420.08 97.35 218 402 106 2.8 44 5.6 1500 12 4.20 10 1070 115 NA NA 3.3 

1062-3 71.44 12.23 8.63 2.18 .55 .71 .01 .46 NA .780.01 96.98 130 312 192 1.7 3.4 160 2 2.33 JO 366 105 NA NA 3.3 

1062-2 71.19 12.20 8.63 2.26 .54 .83 .01 .46 NA .83 0.07 96.94 132 388 195 1.6 11 2.8 150 1 2.37 10 368 110 16200 NA 3.3 

1062-1 71.75 12.31 8.61 2.16 .53 .70 .01 .48 NA .80 0.10 97.34 JJ2 ll4 135 J.J 3.6 130 2.JO ~8 359 let .i.~900 2.9 3,3 

1062-8 69.84 11.74 8.41 2.19 .53 .78 .01 .47 NA .48 0.01 94.44 135 368 202 2.4 3.4 175 I 2.54 10 383 100 NA NA 3.3 

1062-4 70.58 12.03 8.56 2.22 .54 .75 .01 .46 NA .68 0.01 95.82 135 379 194 1.9 3.8 160 1 2.30 10 363 95 NA NA 3.3 

1062-7 71.8812.19 8.62 2.18 .55 .74 .01 .46 NA .720.01 97.34 140 400 206 2.2 3.1 175 2 2.55 10 338 90 NA NA 3.3 

1062-6 71.99 12.25 8.68 2.23 .55 .69 .01 .46 NA .75 0.01 97.60 138 367 190 2.1 3.7 150 I 2.38 10 380 100 NA NA 3.3 

1062-5 71.10 12.00 8.62 2.19 .55 .69 .01 .46 NA .73 0.01 96.34 128 373 190 1.9 3.4 160 1 2.35 10 374 105 NA NA 3.3 

1194-{) 68.52 11.09 9.74 1.75 1.79 .74 .01 .41 .07 .41 1.13 94.53 117 110 1.0 4.3 100 10 3.30 10 831 76 12000 2.86 3.3 

1195-{) 69.42 13.50 6.31 2.05 .57 .63 .07 .55 .08 .760.17 93.94 58 105 59 0.5 1.9 640 6 1.43 45 567 63 16300 2.86 3.3 

1196-{) 51.00 10.68 28.52 1.81 .54 .47 .01 .44.09 4.26 0.29 97.82 458 122 34 0.6 20 16.8 6 13.57 10 431 10 NA 3.33 3.3 

1225-{) 68.84 9.02 12.14 .84 1.82 .29 .01 .33 .07 1.40 1.12 94.76 212 564 46 2.4 12 6.6 49 10 5.44 10 800 65 NA 2.86 3.3 

1226-{) 62.95 11.81 13.93 2.03 .81 .51 .08 .49.09 2.55 0.19 95.25 217 273 25 1.0 7.6 118 25 6.65 41 422 117 NA 2.78 3.3 

1227-{) 64.27 11.81 12.63 2.14 .29 .66 .01 .43.06 2.120.08 94.42 120 1090 43 8.5 2 440 6.9 481 220 5.29 10 322 266 13200 3.03 3.3 

1228-{) 64.52 15.78 7.96 2.95 .42 .59 .1l .63.06 .82 0.06 93.86 42 300 85 1.3 2.2 33 12 1.59 72 737 237 19400 3.ll 3.3 

1024-{) 77.87 9.67 6.22 J.J5 .17 .\1 .0, .J] .04 .580.04 96.85 93 17 0.2 1.7 6 1.11 10 318 181 8500 2.78 3.4 

1234-{) 77.94 10.76 4.86 1.20 .27 .63 .51 .39.04 .57 0.12 97.17 129 710 665 0.8 1.0 4 0.92 85 229 108 9100 2.78 3.4 

1235-{) 67.90 12.88 8.79 1.43 .65 .54 .01 .49.13 .650.01 93.47 JJJ 660 440 0.7 2.9 53 3 2.56 23 948 ll8 13400 2.94 3.4 

1236-{) 68.15 14.44 7.61 1.86 1.02 .62 .01 .59 .10 .06 0.35 94.46 68 238 122 0.2 1.5 80 1.03 32 424 84 11400 2.86 3.4 

l2J7-{) 73.14 11.54 5.00 2.50 1.44 .59 .10 .42.11 .16 0.42 95.00 30 436 590 0.5 1.4 105 4 0.69 28 669 84 12300 2.78 3.4 

IIanglnqvaJl tamailini te: 4. 1 -4 . 2 . 

1001-2 62.27 13.61 10.75 3.88 .67 1.03 .58 .52 .10 2.300.01 96.51 78 296 275 0.4 6.3 44 2 3.09 74 llJI 803 NA 2.86 4.1 

1001-1 62.29 13.52 10.77 3.93 .71 1.75 .59 .52.11 2.50 0.07 96.69 78 279 282 0.5 5.6 30 2 3.00 71 1127 806 4900 2.86 4.1 

1023-0 56.36 17.89 11.23 2.85 .92 I.ll 1.30 .83 .08 2.14 0.36 94.73 110 423 80 0.2 42 5.0 267 5 3.58 213 485 392 17500 3.03 4.1 

1187-0 64.18 17.84 5.71 1.82 .70 .86 1.18 .72.08 1.10 0.05 94.49 30 11 0.2 1.0 63 2 0.35 249 1000 284 ll500 2.78 4.2 

1202-{) 68.58 15.37 4.95 2.12 .64 .81 1.57 .65.09 1.28 0.16 96.06 12 69 108 0.2 1.5 II 1 0.41 287 715 107 9800 2.78 4.2 

1203-{) 71.05 13.60 5.52 1.21 .86 1.03 .60 .62 .07 0.63 0.09 95.19 24 37 84 0.2 1.8 109 2 1.18 101 839 152 11200 2.78 4.2 

1204-0 50.45 26.60 6.09 2.37 .58 .92 4.47 1.05 .09 2.08 0.01 94.70 10 34 0.2 1.0 11 5 0.01 941 1680 364 11800 2.86 4.2 

1205-{) 57.36 21.50 5.90 1.73 .59 .84 3.27 .93.09 1.660.11 93.87 14 120 236 0.5 1.3 5 0.61 129 ll21 342 14500 2.86 4.2 

Ollorite--qarnet-biolite alteratioo: 12.1 after argillaceous rocks; 12.2 alter toumalinite: 12.3 epidote-rich. 

1109-0 72.81 10.06 9.27 .85 .42 .23 2.90 .38 NA 2.53 0.01 99.45 98 9000 5500 18.7 II 22 6.0 3000 25 3.57 175 846 180 NA 2.8 12.1 

1110-{) 62.97 10.17 18.55 2.06 .61 .34 1.76 .42 NA 3.58 0.12 100.46 183 2880 1670 15.7 

1111-2 67.11 9.77 15.64 2.03 .78 .38 l.47 .39 NA 2.87 0.11 100.44 125 435 550 2.4 

1111-1 67.20 9.91 15.64 2.04 .78 .32 1.46 .38 NA 2.98 0.17 100.71 117 433 490 2.2 

11l2-{) 60.38 11.37 18.59 3.17 .85 .62 .87 .49 NA 3.21 0.01 99.55 97 ll3 490 0.9 

111l-{) 60.12 11.20 19.62 3.81 .66 .36 .79 .49 NA 3.17 0.03 100.22 76 56 780 0.3 

1114-{) 60.28 10.86 18.14 3.42 1.08 .64 1.55 .45 NA 3.23 0.01 99.65 115 506 710 3.0 

1115-{) 61.77 12.94 14.02 2.79 1.07 1.54 2.98 .56 NA 2.74 0.06 100.41 125 700 336 1.4 

1116-1 60.54 12.49 16.64 3.14 .55 .35 1.99 .59 NA 3.52 0.07 99.81 123 143 353 0.1 

J116-2 61.25 12.53 16.87 3.26 .55 .39 1.99 .59 NA 3.620.03 101.05 126 142 358 0.1 

1117-{) 57.22 lJ.18 21.30 3.15 .52 .42 1.10 .53 NA 4.l90.07 99.61 145 3180 540 7.1 

35 12.0 70 1 4.61 123 1784 105 NA 2.912.1 

2 9.6 25 1 3.01 110 1484 90 80 NA 12.1 

9.7 15 1 3.11 155 1538 85 100 2.812.1 

2 10.1 

2 11.7 

9.5 

8.5 

10.1 

8.0 

12.3 

1 2.73 69 2979 70 NA 3.012.1 

1 1.98 52 2649 50 110 2.8 12.1 

60 2.92 87 1704 110 95 2.812.1 

1 2.83 162 2056 110 170 2.8 12.1 

1 2.53 149 3072 155 110 2.8 12.1 

I 2.60 155 3050 160 110 NA 12.1 

1 4.28 80 3010 2000 NA 2.7 12.1 
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individual analyses in Table 2. In Table 2, samples analyzed 
once are identified by the suffix "0" in the sample number; 
samples analyzed twice by the suffix "1" or "2"; control 
samples analysed repeatedly by a suffix "1-14". Average 
compositions in Table 1 include only those analyses with a 
suffix of "0" or "1". "Total" is the total of the XRF analysis 
as reported by Cominco for the major elements and LO!. The 
sulphide mineral content of altered rocks at the Sullivan 
deposit is highly variable. In our samples, sulphur abundance 
ranges from 0.01 % to 14.9% and averages 4.7%. In contrast, 
the average sulphur abundance of unaltered regional Aldridge 
rocks is 0.25% (Fedikow, 1978). The FeZ03 (total iron) 
abundance also displays considerable variation, ranging from 
2.2% to 38.5%. In many samples, significant iron is present 
in iron-bearing sulphide minerals, and much of the range in 
iron content arises from differences in the amount of 
iron-bearing sulphide minerals present. In order to compare 
samples containing different amounts of iron-bearing 
sulphide minerals, the amount of iron contained in pyrrhotite, 
pyrite, sphalerite, chalcopyrite, and arsenopyrite was 
subtracted from total iron, and analyses normalized to 100% 
non-sulphide constituents were computed (bold numbers, 
Table 1). 

Unless stated otherwise, major elements in altered rock 
types are compared on the basis of these recalculated 
sulphide-free analyses and FeZ03 represents iron in the 
recalculated analysis expressed as ferric iron. These 
calculations yielded negative FeZ03 values for four samples 
containing more than 9% sulphur, and these samples have 
been omitted from the average Fe203 concentrations in 

Table 2. (cont.) 

Table 1. The exclusion of these FeZ03 values, and of 
assumed values for boron used for calculations in samples in 
which boron was not analyzed, causes some of the totals for 
recalculated analyses to vary from 100%. 

Many samples contain concentrations of minor elements 
below the detection limit for those elements. In order to 
permit the calculation of averages that will serve as a guide 
when comparing the minor element concentrations in altered 
rocks, values of one-half the detection limit for that element 
are reported instead of "not detected" in Table 2, and the 
averages calculated in Table 1 include these values (Sanford 
et aI., in press). These values in parts per million are: I or 2 
for Pb, 0.1 or 0.2 for Ag, 2 for Sb and Bi, I for As and W, and 
10 for Sn and Ba. 

LIMIT ATIONS ON THE INTERPRETATION 
OF CHEMICAL AND MINERALOGICAL DATA 

Several concerns regarding the interpretation of chemical 
changes associated with alteration at the Sullivan deposit 
should be noted. It can be difficult to ascertain the protolith 
where alteration types are superposed. Arenaceous and 
argillaceous unaltered Aldridge rocks differ in chemistry and 
some differences in the chemistry of altered rocks may reflect 
differing sedimentary compositions. The different sulphide 
mineral content of different rock types causes apparent 
changes in the abundance of other constituents. Preservation 
of primary structures and textures in altered rocks is variable, 

s Sa PIn Sn SGJO:!( 

1YPE 

1121-2 67.18 13.08 11.03 2.~ .37 .35 .281 .59 N1. 2.810.03 100.80 127 430 276 0.9 2 6.1 1 2.35 220 1755 195 Nl\ N1.12.1 

102 

1121-1 67.05 13 .08 10.99 2.57 .37 .28 2.61 .59 N1. 2.82 0.13 100.56 123 450 262 1. 2 2 4.6 1 2. 29 217 1681 200 Nl\ 2.8 12.1 

1127~ 54.98 15.73 16.41 2.22 .81 .40 2.66 .66 N1. 3.15 0.\3 99.22 137 258 325 0.4 2 9.3 9000 12 2.06 238 4044 130 400 2.6 12.1 

12~ 51.52 10.26 22.64 1.63 .87 .67 .64 .36 .09 3.57 0.52 92.27 308 37900 1740 172.0 18 460 14.1 17 30 5.64 52 4975 76 290 3.23 12.1 

11~ 69.05 13.62 6.40 2.32 .40 .41 2.82 .63 Nl\ 2.40 0.01 100.25 80 2570 174 7.0 2 4.6 4 1.59 229 1308 235 2900 2.712.2 

!122~ 64.60 14 .30 10.60 2.71 1.27 1.50 .57 .67 N1. 1.570.10 97.79 50 118 295 0.1 2 5.1 4 1.44 64 1476 75 6700 2.712.2 

!123~ 70.~ 11.97 9.68 2.14 .49 .43 1.04 .55 Nl\ 1.51 0.01 98.39 89 1160 207 3.2 2 5.1 1 2.28 95 1135 125 7650 2.6 12.2 

1124~ 66.~ 13.01 10.77 2.66 1.45 1.27 .19 .59 Nl\ 1.50 0.16 96.02 65 1620 550 6.9 7 4.5 8 2.14 10 1145 85 9600 2.9 12.2 

11~ 63.24 14.07 11.31 2.66 2.04 1.47 .38 .64 Nl\ 1.71 0.27 97.52 105 2140 730 5.4 6 5.8 I 2.56 10 1227 60 6900 2.7 12.2 

1126-1 68.15 13.06 9.45 2.61 .61 .65 1.66 .60 Nl\ 2.11 0.04 98.90 68 2500 192 7.0 4 4.7 I 1.67 14) 1910 150 5300 2.9 12.2 

1126-2 69.43 12.98 9.49 2.60 .61 .60 1.66 .59 Nl\ 2.07 0.01 100.0) 68 2570 193 7.0 7 4.8 1 1.65 136 1903 155 N1. NA 12.2 

1107'0 70.U 7.61 10.44 \.17 2.69 .47 .96 .)5 Nl\ \. 97 0.12 95.96 85 6000 27400 12.) 2 14 7.) 150 25 5.17 41 2864 45 Nl\ 2.912.) 

8I.eadIod. carlmate a1ten>d footvall rocks: 15.1 intense; 15.2 rooderate; 15. ) .oak. 

1224~ 60.)6 10.35 4.71 1.69 7.59 .19 ) .1) .41.11 5.73 9.05 94.47 16 194 216 0.2 2 3.0 29 6 1.02 793 3292 116 Nl\ 3.33 14.0 

114~ 61.22 15.57 6.06 1.30 .57 .15 4.62 .62 .06 5.21 3.25 97.36 19 2700 450 ).6 2 4.7 64 4 1.1 2 502 1991 34 NIl 2.78 15.1 

11~ 60.04 14 .49 10.40 .65 .68 .16 4.47 .60.08 6.42 ).93 96.19 31 1670 1040 2.6 2 6.0 339 6 3.13 478 1530 )) Nl\ 2.66 15.1 

1151-2 67.68 13.95 7.7) .66 .52 .04 3.77 .56.09 3.)6 1.37 96.76 14 270 729 0.7 2 4.5 28 3 1.05 392 1520 41 NA 2.7615 .2 

1151-1 66.70 13.70 7.36 1.29 .52 .16 3.75 .53 .09 4.61 1.46 96.73 16 )26 563 0.7 2 4.3 17 6 1.27 395 1484 54 Nl\ 2.76 15.2 

1152~ 56.67 20.32 7.42 1.38 .67 .16 5.97 .76.06 3.00 0.4) 96.6) 13 120 235 0.4 3.0 47 6 0.77 631 2992 50 NIl 2.8615.2 

1I53~ 64.19 16.66 7.82 1.11 .59 .10 4.80 .67 .07 2.28 0.11 98.29 16 )6 294 0.2 2 ).6 2 1.16 469 2062 35 Nil 2.7815.3 

ltJte: Certain Sit1l>les wre not analysed for major elerents where reMiniJ):) JXJlp was insufficient. liajor el€ffe11ts (Si,\ to CX\. Fe and S) in percent; OJ, Pb, 'In. Aq. Sb, Bi. 
As, 14, Ba, I'tl , Sn. Bin ppn; NA: ool analyzed; SG: specific <jTavily. 



and the role that volume changes have played during 
alteration is unclear. Therefore, in this paper we focus on 
relative, rather than absolute chemical changes. 

Biotite-facies middle greenschist metamorphism has 
affected both regional Aldridge rocks and altered rocks at the 
Sullivan deposit. Altered rock types are classified and 
described in terms of their present metamorphic mineralogy, 
and this mineralogy may be different from that which existed 
prior to metamorphism. The reader is cautioned that use of 
terms such as "muscovite- altered" does not necessarily imply 
that alteration produced muscovite. Muscovite may be the 
metamorphic equivalent of different precursor minerals 
fromed during alteration. 

UNALTERED SEDIMENTARY ROCKS 

The mineralogy and geochemistry of 95 regional samples 
from the Aldridge Formation has been studied by Edmunds 
(1977). The Si02, A1203, Cu, Pb, Zn, and Mn contents were 
determined by colourmetric methods, and CaO, MgO, FeO, 
Na20, K20, and Ti02 by atomic absorption spectrometry. 
Edmunds' (1977) average composition of Aldridge rocks 
(combining argillite and grey wacke from both Lower and 
Middle Aldridge Formation) is used as the reference 
composition for comparison with the geochemistry of altered 
rocks from the Sullivan deposit (Table 1, alteration type 0.0). 
This average composition of Aldridge strata is very similar 
to that presented by Hamilton et al. (1982, Table 3). Values 
of zero reported by Edmunds were changed to one-half the 
detection limit for that element, FeO values reported by 
Edmunds were converted to Fe203, and the arithmetric mean 
for each chemical constituent recalculated from the raw 
analytical data in Edmunds' (1977) Appendices 1.2.1 and 
1.2.2. 

The average mineralogical composition of Aldridge rocks 
is 48% quartz, 20% plagioclase, 15% white mica, 11% 
biotite, 2.4% muscovite, 0.9% carbonate, 0.8% K-feldspar, 
0.6% graphite, 0.8% iron ores, and 0.3% sphene (Edmunds, 
1977). Argillaceous rocks analyzed by Edmunds ("argillite"; 
alteration type 0.1 in Table 1) contain more Al20 3, Fe203' 
MgO, CaO, K20, Ti02, Mn, Cu, and Zn and less Si02, Na20, 
and Pb than do arenaceous rocks ("greywacke"; alteration 
type 0.2 in Table 1). Quartz and plagioclase are concentrated 
in arenaceous rocks; K-feldspar, biotite, white mica, graphite, 
iron ores, sphene, and carbonate are concentrated in 
argillaceous rocks. Six of the 95 samples analyzed by 
Edmunds are from the lower Aldridge Formation (Table I, 
alteration type 0.3). They contain slightly less Fe203 and 
more Na20 than do the average Aldridge Formation. 

The boron concentration in 84 samples of the Prichard 
Formation (equivalent to Aldridge Formation) in Idaho was 
determined using semiquantitative spectrographic analysis 
by Harrison and Grimes (1970). Boron ranges from less than 
10 ppm to 100 ppm, and the arithmetic mean is 22 ppm. The 
average Ba content of 21 samples of unaltered regional 
Aldridge rocks is 545 ppm (Fedikow, 1978). 

D.R. Shaw et al. 

FOOTWALL TOURMALINITE ALTERATION 

Geology of tourmalinite 

Tourmalinite is the most abundant type of altered rock 
underlying the Sullivan deposit (Shaw and Hodgson, 1980a,b, 
1986; Hamilton et aI., 1982). Tourmalinite underlies most of 
the western part of the orebody (Fig. 1), and the zone has the 
shape of a cylinder or steep-sided funnel oriented normal to 
bedding, with maximum lateral dimensions of 1470 m by 980 
m and a vertical extent of at least 450 m. Tourmalinite 
resembles chert and is a dark grey, black or brown, extremely 
hard, lustrous rock with a pronounced conchoidal fracture. It 
is composed of a detrital framework of quartz, silt and sand 
set in a matrix of minute tourmaline needles, microcrystalline 
quartz and minor microcrystalline muscovite, and commonly 
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Figure 1. Plan view of the Sullivan ore body illustrating the 
lateral extent of tourmalinite underlying the sulphide body. 
The extent of the orebody and the location of the transition 
zone are shown for reference. Area of underground mapping 
shows location of muscovite-rich, chlorite-biotite-garnet-, and 
carbonate-muscovite-altered footwall sedimentary rocks 
discussed in this paper. 
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contains more than 50% tourmaline; feldspar is rare. 
Sedimentary structures and textures on all scales are typically 
well preserved. 

Contact relationships between tourmalinite and 
tourmaline-poor rocks are well exposed in mine workings 
between the footwall of the orebody and about 40 m below 
the orebody. We refer to this as the upper tourmalinite zone. 
The central part of this upper tourmalinite zone (Table 1, 
alteration type 3.3) is characterized by tourmalinite in contact 
with albite-chlorite-pyrite, chlorite-pyrrhotite, and 
muscovite-rich rocks that formed by alteration of 
tourmalinite. Tourmaline-poor rocks that did not form by 
alteration of tourmalinite are rare. The central upper 
tourmalinite zone is surrounded by a fringe zone up to 275 m 
wide, in which sulphide-rich tourmalinite (Table 1, alteration 
type 3.1), sulphide-poor tourmalinite (Table 1, alteration type 
3.2) and partially tourmaline-enriched rock containing 
abundant tourmaline and microcrystalline muscovite (Table 
1, alteration type 3.0) are in contact with muscovite-altered 
and chlorite-garnet-biotite-altered rocks formed in part by 
alteration of tourmalinite. 

In the deep tourmalinite zone below about 40 m from the 
footwall contact of the ore zone (Table 1, alteration type 3.4), 
a central core of tourmalinite passes outwards into a fringe 
zone of intercalated tourmalinite and tourmaline-poor rocks. 

Chemistry of tourmalinite 

The principal chemical differences between the average 
Sullivan tourmalinite (Table 1, alteration types 3.1-3.4) and 
unaltered Aldridge Formation is the high boron and very low 
K20 content in the tourmalinite. This is reflected by the 
abundance of tourmaline and near absence of muscovite in 
tourmalinite. The CaO, Na20, and Ba contents of 
tourmalinite are lower than unaltered Aldridge Formation, 
due to the absence of plagioclase in tourmalinite. Although 
tourmaline is a Na- and Ca-bearing phase, its presence does 
not compensate for the loss of feldspar. The Fe203 (total) 
and sulphur contents are much higher in tourmalinite than in 
unaltered rocks, but when recalculated to a sulphide-free 
basis, tourmalinites show a reduction in Fe203. The MgO 
and MnO contents oftourmalinite are higher and Si02, Ah03 
and Ti02 contents of tourmalinite are similar to unaltered 
rocks. The Cu, Pb, and Zn are enriched in tourmalinite 
reflecting the development of a sulphide network underlying 
the Sullivan orebody (Leitch and Turner, 1992). 

Zoning in the footwall tourmalinite body 

Variations in chemistry within the footwall tourmalinite zone 
are subtle compared to the differences between tourmalinite 
and unaltered rocks. When compared on a sulphide-free 
basis, the chemistry of sulphide-rich tourmalinites from the 
eastern fringe of the tourmalinite zone is similar to 
sulphide-poor tourmalinites from the same area. The Fe203 
content appears lower and Na20 higher in sulphide-rich 
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tourmalinites, however these differences may reflect 
inaccuracies in the calculation of Fe203 in sulphide-rich 
samples and uncorrected analytical interference between 
Na20 and Zn in sulphide-rich samples. The MnO is enriched 
in sulphide-rich tourmalinite relative to sulphide-poor 
tourmalinite. 

Within the upper tourmalinite zone, tourmalinites from 
the central part contain slightly more B20 3, A120 3, Fe203' 
MgO, and MnO and less K20 than upper tourmalinites from 
the eastern fringe of the tourmalinite zone. These differences 
reflect the presence of minor muscovite and less tourmaline 
in tourmalinite from the eastern fringe of the zone. The Pb, 
Zn, Ag, Sn, Sb and As are enriched in tourmalinites from the 
eastern fringe; Cu and Bi are enriched in samples from the 
centre of the zone. The Fe203 is enriched in the deep 
tourmalinite zone relative to the upper zone, and MgO and 
B20 3 are slightly enriched in tourmalinites from the upper 
tourmalinite zone. 

Chemistry of partially tourmaline-enriched rock 

Rocks containing abundant quartz, tourmaline, and 
microcrystalline muscovite occur along the margin of the 
footwall tourmalinite zone, concentrated at contacts betwen 
tourmalinite and muscovite-altered rocks. These partially 
tourmalinite-enriched rocks have higher B203, A1203, K20, 
MgO, MnO, and Ti02 contents and lower Fe203, CaO, Na20, 
and Ba contents than unaltered Aldridge Formation. Relative 
to tourmalinite, partially tourmaline-enriched rock contains 
more A1203, K20, and Ti02 and less Fe203, MgO, and B203. 
This suggests that partially tourmaline-enriched rock is not 
simply an intermediate between tourmalinite and unaltered 
sedimentary rock. It may be partially muscovite-altered 
tourmalinite transitional to muscovite-altered rocks that 
fringe the tourmalinite zone. 

HANGING WALL TOURMALINITE 

Tourmalinite also occurs above the Sullivan orebody though 
it is much less voluminous that footwall tourmalinite. 
Tourmalinite is intermittant over a 50 m stratigraphic interval 
from the top of the main band to the HU sulphide horizon 
throughout an area 900 m in diameter overlying the western 
part of the orebody (Fig. 2). Tourmalinite is most abundant 
in an arcuate zone surrounding the core of the hanging wall 
albitite alteration zone, in the vicinity of northerly-trending 
Sullivan-type faults and the Main Watercourse Fault (Fig. 2). 
Tourmalinite is overprinted by albite-chlorite-pyrite 
alteration and was more extensive prior to formation of the 
albite-chlorite body. Hanging wall tourmalinite is similar 
mineralogically and texturally to footwall tourmalinite 
though it is locally recrystallized and less cherty in 
appearance adjacent to albite-chlorite-pyrite-altered rocks 
and Moyie gabbro sills. Relative to footwall tourmalinite, 
hangingwall tourmalinite appears to be depleted in Si02 and 
enriched in Ah03, Fe203, MnO, K20, and Ti02 (Table 1). 



MUSCOVITE-ALTERED FOOTWALL 
SEDIMENTARY ROCKS 

Muscovite alteration was first recognized in the hanging wall 
of the Sullivan orebody by Bishop (1976) and in the footwall 
by Shaw and Hodgson (l980a,b). Muscovite-altered rocks 
are common immediately below the Sullivan deposit in a 
crescent-shaped area along the eastern margin of the 
tourmalinite zone (Shaw and Hodgson, 1980b; Leitch and 
Turner, 1992). In this area (Fig. 1), muscovite alteration 
occurs in large zones of pervasively altered rock extending 
an unknown distance beyond the tourmalinite zone (Table 1, 
alteration types 2.0 and 2.1), and in distinct alteration zones 
several metres wide that cut tourmalinite (Table 1, alteration 
type 2.2). These crosscutting alteration zones are commonly 
associated with networks of pyrrhotite-sphalerite-galena 
vein lets. Muscovite-altered rocks typically consist of a 
detritial framework of quartz silt and very fine quartz sand set 
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Figure 2. Plan view of the Sullivan orebody illustrating the 
distribution of tourmalinite in the hanging wall. The extent of 
the ore body and location of the transition zone are shown for 
reference. Also shown is the core of albite alteration and 
important faults. 

D.R. Shaw at al. 

in a matrix of microcrystalline muscovite and quartz. 
Feldspar and biotite are rare. Primary textures are only partly 
preserved, and where alteration is intense, bedding textures 
may be completly obliterated. Due to the subtle nature of 
muscovite alteration, muscovite-altered rocks can be readily 
mistaken in hand specimen for unaltered sedimentary rocks. 

The principal chemical differences between 
muscovite-altered rocks and unaltered Aldridge Formation 
are the higher K20, A120 3, and MnO, and lower Na20, CaO 
and Fe203 contents of muscovite-altered rocks (Table 1, 
alteration types 2.0-2.2). This is due to the increased 
abundance of muscovite, and sharply reduced abundance of 
biotite and plagioclase relative to unaltered Aldridge 
Formation. The Cu, Pb, Zn, S, and B20 3 contents are 
enriched in muscovite-altered rocks. 

Sulphide-rich muscovite-altered rocks contain more 
MnO and less Fe203 than do those containing less sulphide 
minerals. Muscovite-altered rocks from crosscutting zones 
in tourmalinite are depleted in Si02 and Na20 and enriched 
in Fe203' A120 3, MgO, and B203 relative to pervasively 
muscovite-altered rock. 

CHLORITE-BIOTITE-GARNET -ALTERED 
SEDIMENTARY ROCKS 

Chlorite-biotite-garnet alteration has been well documented 
along the eastern margin of the footwall tourmalinite (Fig. I; 
Shaw and Hodgson, 1980b, 1986), and is also found 
peripheral to tourmalinite in the footwall zone below 
muscovite alteration, and adjacent to Moyie gabbro 
intrusions in the most western part of the orebody. This 
alteration overprints tourmalinite but its relationship to 
muscovite-altered rocks is ambiguous. These altered rocks 
consist of a framework of detrital quartz grains, a matrix of 
chlorite, biotite, muscovite, and microcrystalline quartz, and 
abundant garnet and biotite porphyroblasts. Locally epidote 
is present. In places, fracture-controlled chlorite alteration 
appears to be superposed on earlier biotite-garnet alteration. 

Chlorite-biotite-gamet-altered sedimentary rocks are 
characterized by higher Fe203' MnO, and MgO contents and 
lower CaO, Na20, and K20 contents than unaltered Aldridge 
Formation (Table 1; alteration type 12.1). This is due to the 
increased abundance of chlorite and garnet, and the 
decreased abundance of plagioclase and muscovite relative 
to unaltered Aldridge Formation . Chlorite-garnet
biotite-altered tourmalinite contains higher Fe203 and MnO, 
slightly higher MgO, CaO, Nap, K20, Ti02, and AIP3' and 
lower Ti02 and B20 3 relative to unaltered tourmalinite. 

CARBONATE-MUSCOVITE-AL TERED 
FOOTW ALL ROCKS 

Bleached, carbonate-muscovite-altered rocks locally cut 
muscovite-altered and chlorite-biotite-garnet-altered 
footwall rocks near the eastern margin of the tourmalinite 
zone. These bleached rocks are tan in colour and can be 
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bedded, brecciated, or foliated and are associated with steeply 
dipping iron-carbonate veins. These rocks are similar to 
muscovite-altered rocks except for the presence of 
porphyroblasts of carbonate and iron-chlorite. Carbonate, 
chlorite, and muscovite porphyroblasts locally replace 
garnet. Alteration of garnet and Fe-rich chlorite which is not 
stable in biotite-facies metamorphism suggests that 
carbonate-muscovite alteration postdates Middle Proterozoic 
regional metamorphism. 

The principal differences between bleached carbonate
muscovite-altered rocks and unaltered Aldridge Formation 
are the higher Fe203' A120 3, K20, and MnO and lower CaO 
and Na20 contents of bleached rocks (Table 1). Relative to 
muscovite altered rocks, bleached carbonate-muscovite
altered rocks are enriched in Fe203 and CO2 and depleted in 
Si02 and Na20. These chemical differences are due to 
replacement of the rock by carbonate (likely Fe-Mn-rich), the 
presence of Fe-rich-chlorite metacrysts, and the absence of 
plagioclase. 

DISCUSSION 

Chemistry of tourmalinites 

Tourmalinite alteration of Aldridge Formation sedimentary 
rocks represents significant addition ofB203, lesser addition 
of MgO and MnO, and depletion of K20, CaO, and Na20. 
Hamilton (1984) estimated that the footwall tourmalinite 
zone has a mass of perhaps five billion tonnes, and Hamilton 
and Shaw (1986) estimate that the boron added is more than 
twice the total tonnage of lead and zinc in the Sullivan 
deposit. Enrichment in MgO and MnO reflects the abundance 
of tourmaline with a composition intermediate. between 
schorl and dravite. The similar Al203 and Ti02 contents of 
tourmalinite and unaltered Aldridge sedimentary rocks, as 
well as preservation of primary features within the 
tourmalinite such as delicate laminations and the detrital 
fabric suggest a constant volume alteration process. The little 
difference in silica content between tourmalinite and 
unaltered Aldridge Formation indicates that silicification did 
not accompany tourmalinite alteration, nor did tourmaline 
significantly replace detrital quartz. This is supported by the 
limited development of quartz overgrowths on detrital quartz 
grains (Leitch and Turner, 1991). The destruction offeldspar 
during tourmalinite formation suggests formation from lower 
pH fluids. 

Based on its geochemistry, the partially tourmaline
enriched rock developed along contacts between tourmalinite 
and muscovite-altered rock does not appear to be simply 
incompletely tourmalinized Aldridge Formation. The 
elevated K20 and Al20 3 and decreased Fe203' MgO, and 
B20 3 contents relative to tourmalinite are more readily 
explained by a fringing zone of muscovite-rich rock 
containing less tourmalinite than the core tourmalinite body. 
Partially tourmaline-enriched rock may be tourmalinite 
partially altered to a muscovite-bearing assemblage. 
Muscovite-alteration commonly destroys primary rock 
textures, and the increase of AI20 3 and Ti02 may be due to 
volume decrease. 
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Origin of tourmalinite and source of boron 

Shaw and Hodgson (1980a,b) interpret footwall tourmalinite 
as shallow conformable syngenetic bodies overlying deeper, 
discordant epigenetic bodies that together comprise the 
tourmalinite pipe. These authors suggest that ore formation 
occurred during a later exhalative event, a conclusion 
supported by oxygen isotopic data that indicate very low 
temperature of formation for the tourmalinite (Nesbitt et aI. , 
1984). However, the occurrence of tourmalinite up to the 
base of the orebody, and locally up to the base of the highest 
stratiform sulphide bed leaves open the possiblity that 
tourmalinite formed synchronously with ore deposition, or 
that a number of tourmalinite- to ore-forming cycles 

. occurred. The extensive pyrrhotite stockwork within the 
upper tourmalinite zone is interpreted as forming syn
chronously with the orebody by Leitch and Turner (1992). 

Previous workers have suggested that boron in 
tourmalinite was derived from an undetected subjacent 
magma or scavenged from the sedimentary pile by connate 
fluids. The isotopic composition of boron from two samples 
from the Sullivan deposit (Palmer and Slack, 1989) is 
consistent with boron sourced from Aldridge sedimentary 
rocks, but a nonmarine evaporite borate source cannot be 
excluded. Slack et al. (in press) suggest that boron in 
tourmalinite locally associated with the stratiform Broken 
Hill Pb-Zn deposit was derived from evaporitic borates in a 
nonmarine sedimentary sequence underlying the deposit. 
Fluid inclusion data from the Sullivan deposit indicate high 
salinity fluids (15-25 wI. % N aCI+CaCI2) during 
mineralization (Leitch, 1992). 

Other alteration types 

Shaw and Hodgson (1980a,b; 1986) suggested that muscovite 
alteration along the eastern margin of the footwall 
tourmalinite pipe occurred after tourmalinization during 
early stages of ore deposition. Leitch and Turner (1992) 
proposed that footwall muscovite alteration and an associated 
pyrrhotite-sphalerite-galena network may represent the site 
of late-stage fluid flow, after sealing of the central 
tourmalinite-pyrrhotite vent zone that formed the main stage 
of ore formation. Alternatively, muscovite alteration near the 
margin of the tourmalinite zone may be related to fluids 
enriched in K20 released during tourmalinization. 

The geological setting of chlorite-gamet-biotite alteration 
is poorly understood. It is possible that this alteration 
represents a stable mineral assemblage that formed after 
tourmalinite during hydrothermal activity associated with 
mineralization (Shaw and Hodgson, 1980b, 1986). 
Alternatively, an earlier biotite-garnet assemblage found at 
the periphery of the tourmalinite zone and adjacent to Moyie 
gabbros may have been partly altered to chlorite during later 
albite-chlorite-pyrite alteration (Turner and Leitch, 1992). 

The timing of bleached, carbonate-muscovite alteration is 
uncertain but clearly postdates muscovite alteration and 
chlorite-biotite-garnet alteration. Textural evidence suggests 
this that this alteration overprints metamorphic gamet, thus it 



is likely related to a younger event such as CO2-iron 
metasomatism related to emplacement of Cretaceous 
lamprophre dykes that cut the the Sullivan deposit. 
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Geochemistry of albite-chlorite-pyrite and 
chlorite-pyrrhotite alteration, Sullivan Zn-Pb 
deposit, British Columbia 1 

David R. Shaw2, C. Jay Hodgson3, Craig H.B. Leitch, and 
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Shaw, D.R., Hodgson, C.J., Leitch, CR.B., and Turner, R.J.W., 1993: Geochemistry of alhite
chlorite-pyrite and chlorite-pyrrhotite alteration, Sullivan Zn-Ph deposit, British Columbia; in 
Current Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 109-118. 

Abstract: Chlorite-bearing assemblages represent an important suite of altered rocks at the Sullivan 
deposit. Chlorite-pyrrhotite-altered rocks occur along the base of the massive pyrrhotite body; they are 
intensely depleted in Si02, Na20, B203, and enriched in Ah03, Fe203, MnO, and MgO relative to precursor 
tourmalinite due to abundant chlorite and destruction of quartz and tourmaline. Rocks rich in albite, 
chlorite, and pyrite overlie, occur within, and underlie the orebody. Albitites are enriched in Na20 and 
Ah03, and depleted in MgO, CaO, and K20, reflecting increased content of sodic plagioclase and absence 
of muscovite. Associated chlorite-pyrite-altered rocks are enriched in A1203, Fe203, MnO, MgO, and Ti02, 
depleted in Si02, CaO, Na20, and K20, contain abundant chlorite and lack quartz, plagioclase, muscovite, 
and tourmaline. 

Albitic alteration may reflect high Na/(Mg+Ca) brines that mixed with Mg-rich seawater-derived fluids 
to form Mg-silicate-altered rocks. 

Resume: Les assemblages contenant de la chlorite correspondent Ii une importante serie de roches 
alterees Ii l'endroit du gisement de Sullivan. II existe des roches alterees en chlorite et pyrrhotine Ie long 
de la base du corps massif constitue de pyrrhotine; elles sont tres fortement appauvries en Si02, Na20, 
B203, et enrichies en Ah03, Fe203, MnO et MgO par rapport Ii la tourmalinite precurseur, en raison de 
l'abondance de la chlorite et de la destruction du quartz et de la tourmaline. Les roches riches en albite, 
chlorite et pyrite peuvent etre sus-jacentes, interieures et sous-jacentes au corps mineralise. Les albitites 
sont enrichies en Na20 et Ah03, et appauvries en MgO, CaO et K20, et traduisent l'accroissement du 
contenu en plagioclase sodique et l'absence de la muscovite. Les roches associees, qui ont ete chloritisees 
et pyritisees, sont enrichies en Ah03, Fe203, MnO, MgO etTi02, appauvries en Si02, CaO, Na20 et K20, 
et contiennent en abondance de la chlorite mais ne contiennent pas de quartz, de plagioclase, de muscovite 
et de tourmaline. 

L'albitisation pourrait refleter l'influence de saumures it quotient eleve Na/(Mg+Ca), qui se sont 
melangees a des fluides derives d'eaux marines riches en Mg, et ont ainsi forme des roches alterees en 
silicates de Mg. 

1 Contribution No. 13, Sullivan-Aldridge Project 
2 8431 58th Avenue N.W., Calgary, Alberta T3B 4B4 
3 Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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INTRODUCTION 

The Sullivan orebody is a classic example of a stratiform 
sediment-hosted zinc-lead deposit (Hamilton et aI., 1982). 
Sullivan is unique among stratiform deposits in the degree 
and extent of alteration associated with the orebody (Shaw 
and Hodgson, 1980a,b, 1986; Hamilton et aI., 1982; Leitch 
and Turner, 1991, 1992; Turner and Leitch, 1992). For a 
detailed description of the geology of the deposit, the reader 
is referred to Hamilton et al. (1982). This paper and its 
companion (Shaw et aI., 1993) present the geochemistry of 
altered rocks associated with the Sullivan deposit and focus 
on the relative gains and losses of constituents in altered rocks 
relative to unaltered sedimentary rocks of the host Aldridge 
Formation. This paper focuses on the geological setting and 
chemistry of chlorite-bearing alteration assemblages. It is 
based on underground mapping and sampling by Shaw from 
1976 to 1979 at the Sullivan mine, as part of a Ph.D. thesis 
under the supervision of Hodgson at Queen's University, and 
ongoing work by Leitch and Turner. Geochemical data 
reported in this paper are based on samples collected by Shaw 
and analyzed by Cominco Ltd. Analytical procedures are 
discussed in Shaw et al. (1993). 

This paper presents the results of 98 analyses of 86 samples 
of chlorite-pyrrhotite-altered and albite-chlorite-pyrite-altered 
rocks from the Sullivan deposit. Average chemical 
compositions are presented in Table 1 and individual analyses 
in Table 2. In Table 2, samples analyzed once are identified by 
the suffix "0" in the sample number; samples analyzed twice by 
the suffix" I " or "2"; control samples analyzed repeatedly by a 
suffix "1-14". Average compositions in Table 1 include only 
those analyses with a suffix of "0" or "I". "Total" is the total of 
the XRF analysis as reported by Cominco for the major elements 
and LO!. Sulphide minerals are an important component of 
altered rocks at the Sullivan deposit, and a significant proportion 
of the iron in altered rocks is present in iron-bearing sulphide 
minerals. In order to compare samples containing different 
amounts of iron-bearing sulphide minerals, the amount of iron 
contained in pyrrhotite, pyrite, sphalerite, chalcopyrite, and 
arsenopyrite was subtracted from total iron, and analyses 
normalized to 100% non-sulphide constituents were computed 
for the altered rocks (bold numbers, Table 1). Unless stated 
otherwise, all rock types are compared on the basis of the 
recalculated sulphide-free analyses, and Fe203 represents iron 
in the recalculated analysis expressed as ferric iron. 

Many samples contain concentrations of minor elements 
below the detection limit for those elements. In order to 
permit the calculation of averages that will serve as a guide 
when comparing the minor element concentrations in altered 
rocks, values of one-half the detection limit for that element 
are reported instead of "not detected" in Table 2, and the 
averages calculated in Table I include these values. These 
values in parts per million are: 1 or 2 for Pb, 0.1 or 0.2 for 
Ag,2 for Sb and Bi, 1 for As and W, and 10 for Sn and Ba. 

Several concerns regarding the interpretation of chemical 
changes associated with alteration at the Sullivan deposit are 
addressed in Shaw et al. (1993). In view of these concerns, 
this paper will focus primarily on relative, rather than 
absolute, chemical changes. 
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Biotite-facies middle greenschist metamorphism has 
affected both regional Aldridge rocks and altered rocks at the 
Sullivan deposit. Altered rock types are classified and 
described in terms of their present metamorphic mineralogy, 
and this mineralogy may be different from that which existed 
prior to metamorphism. The reader is cautioned that use of 
terms such as "chlorite-altered" does not necessarily imply 
that alteration produced chlorite. Chlorite may be the 
metamorphic equivalent of different precursor minerals 
formed during alteration. 

UNALTERED SEDIMENTARY ROCKS 

The mineralogy and chemistry of regionally distributed 
unaltered host Aldridge Formation has been studied by 
Edmunds (1977) as discussed in Shaw et al. (1993). The 
average composition of Aldridge rocks is used as the 
reference composition for comparison with the chemistry of 
altered rocks at the Sullivan deposit (Table I, alteration type 
0.0). The average mineralogical composition of these 
Aldridge rocks is 48% quartz, 20% plagioclase, 15% white 
mica, I I % biotite, 2.4% muscovite, 0.9% carbonate, 0.8% 
K-feldspar, 0.6% graphite, 0.8% iron ores, and 0.3% sphene 
(Edmunds, 1977). 

CHLORITE-PYRRHOTITE-AL TERED 
FOOTW ALL TOURMALINITE 

Chlorite-pyrrhotite-altered rock occurs as a semiconformable 
zone at the contact between the massive pyrrhotite zone of 
the Sullivan orebody and the footwall tourmalinite zone 
(Fig. 1). The chlorite-pyrrhotite zone is up to 20 m thick, is 
located at the centre of the footwall tourmalinite and underlies 
the thickest part of the western orebody. The chlorite
pyrrhotite zone is in contact with, and cuts, tourmalinite. 
Chlorite-pyrrhotite rocks are intensely altered and primary 
textures are commonly obliterated. This fabric-destructive 
alteration consists of massive to foliated chlorite and 
pyrrhotite with minor biotite, muscovite and sphene. 
Chlorite-pyrrhotite is north of, and contiguous with, footwall 
albite-chlorite-pyrite-altered rock, and together these two 
zones of altered rock form an elongate northerly-trending 
body below the sulphide deposit. Chlorite-pyrrhotite altered 
rock also occurs in the hanging wall zone between the 
massive pyrrhotite zone in the orebody and overlying 
albite-chlorite-pyrite (Fig. 2). 

Relative to tourmalinite which chlorite-pyrrhotite 
replaces, there is significant depletion of Si02 and B20 3, 
lessor depletion of Na20, significant addition of AI20 3, 
Fe203' MnO, and MgO, and lesser addition ofK20 and Ti02 
(see Table I, alteration type 3.3 in Shaw et aI., 1993). This 
is due to the abundance of chlorite and complete destruction 
of quartz and tourmaline in chlorite-pyrrhotite-altered rocks. 
The Fe203(lolal)' S, Pb, Zn, Ag, Sn, and As contents of the 
chorite-pyrrhotite-altered rocks are higher than in 
tourmalinite. 
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Table 2. Chemical analyses of altered rocks from the Sullivan deposit. Samples collected by D.R. Shaw and 
analyzed by Cominco Ltd between 1976 and 1979. Analytical procedures discussed in Shaw et al. (1993) 

S<rr!>le Siq Al,q F.,q MgO CaO Na,O ~O Tiq P,q WI CX\ TIll'AL Ql Pb Zn AgSbBi Fe lis W 8a MIl SO so:; mcK 
TIrE 

QIlorite-pyrite altered rocks (IUD the ore ?ale: 8.1- 8.2 

1134-0 26.79 18.2528.00 15.12 .24 .17 .01 1.84 .13 8.820.18 99.97 16 124 280 0.2 2 10.1 17 3 0.52 95 2424 29 NA 2.94 8.1 

1175-{) 49 .45 D.21 19 .39 7.74 .45 .16 .01 1.23 .09 5.99 0.01 97.12 14 1100 1330 0.5 37 2 10.7 45 1.41 78 4166 191 NA 2.94 8.1 

1176-{) 28.5716.1627.71 15.80 .48 .19 ;22 \.51 .11 9.380.45 l00.D 22 19 417 0.2 

lOO4-{) 27.82 15.74 24.61 18.38 .63 .19 .07 .95 .07 11. 280.13 99.74 67 125 321 0.6 

2 16 .0 1 0.88 98 2278 129 

2 12.7 D5 I 3.68 51 1419 296 

Nl\ 2.86 8.1 

60 2.94 8.2 

AlbiUH:blorite-pyrite altered baogingwall rocks : 9.1-9.3 albitites; 9.4 albite-chlorite-pyrite rocks; 9.5-9.6 chlorite-pyrite rocks; 9.7-9.9 partially altered rocks. 

1207-0 60.95 20. 70 2.03 .88 1.02 8.42 .09 .85.09 .42 0.14 95.45 15 14 0.2 

1208-0 62.94 18 .89 1.53 .20 1.15 9.96 .11 .94.11 0.32 0.37 96.15 161 125 0.2 

1185-{) 67.73 14.66 3.89 .05 .73 7.58 .04 .74 .09 1.32 0.12 96.83 20 530 

1193-{) 12.21 14 .28 1.55 .20 .69 7.52 .06 .74 .08 0.56 0.17 97.89 16 

0.7 

0.2 

1206-{) 70.58 14 .82 1.90 .20 .68 7.81 .09 .74 .07 0.680.06 97.57 189 124 0.2 

l002-{) 62.21 18.02 3.01 .45 1.14 10 .00 .04 .73.08 1.05 0.46 96.73 10 0.2 

1018-{) 62.19 19.28 1.78 I.D 1. 21 9.45 .18 .67 .08 .38 0.51 96.35 164 41 23 0.2 

1238-{) 63.32 18 .20 3.17 .33 .36 9.98 .07 .47 .OS 1.56 0.11 97.51 16 1790 1050 \,1 

1239-{) 66.55 16 .24 4.98 .97 .63 6.04 .04 .56.09 .650.24 96.75 68 1360 1140 0.8 

1009-{) 42.85 16. 51 14.96 8.69 2.44 4.23 .05 .68.08 5.58 1.51 96.07 2 80 0.2 

2 0.5 11 1 0.31 63 606 154 6200 2.70 9.1 

2 0.8 II 0.76 68 398 192 1950 2.70 9.1 

2.6 22 2.75 37 189 177 300 2.63 9.2 

0.9 1 0.78 104 159 203 180 2.63 9.2 

1.2 1 0.70 65 485 173 160 2.70 9.2 

2.0 1.86 37 201 312 150 2.70 9.3 

0.9 1 0.36 89 248 144 1250 2.63 9.3 

1.9 17 2.37 10 162 123 80 2.70 9.3 

1.9 62 2 1. 63 30 563 129 6800 2.63 9.3 

9.0 1 ).10 23 847 334 60 2.86 9.4 

,~~~~~~~~~ 1016-{) 57.68 18 .46 5.58 3.79 .17 a;28--:ll-1~02~ ~8<>.~---gno-11 14- 43 0.2 2~-3.6 

16 

10' 
-----

1~' 26 ' 52 '410' 152 - 110- 2.70 '90-4 

J017-{) 44.28 15 .93 12.90 6.96 .59 4.66 .09 .69.06 6.SO 0.60 92 .66 

1135-{) 44.35 18 .02 13.84 8.87 .36 4.48 .09 .47.05 5.87 0.34 96.40 

1181-1 56.08 17.43 7.75 1.82 .45 6.12 .12 .48.04 3.59 0.29 94.48 

1181-2 56.52 17.43 7.75 2.51 .43 7.65 .12 .48.04 3.68 0.)3 96.61 

ll82-{) 56.44 17.78 7.18 3.G8 .59 7.57 .OS .!>4 .06 3.09 0.53 96.98 

1183-{) 57.12 17.89 5.73 2. 12 .62 8.39 .04 .41 .07 2.55 0.30 95.54 

73 0.2 

345 300 0.4 

86 315 0.4 

85 331 0.2 

19 76 0.2 

1620 595 0.8 

1184-{) 58.55 17.46 5.01 2.29 1.39 8.24 .15 .61 .07 2.06 1.79 95.83 10 115 170 0.4 

1005-{) 27.66 19.60 23. 77 14.30 1.19 .40 .OS .97 .D 9.160.01 97.23 76 181 354 0.2 

1010-{) 25.96 16.82 28.00 15.97 .64 .21 .02 .79 .14 1l.80 0.01 100.35 20 104 263 0.2 

10ll-1 21.56 18.08 38.32 4.49 .36 .47 2.25 .86 .17 13.08 0.17 99.64 282 13200 3980 1l.4 

1011-2 22 .15 17.75 38.59 4.54 .38 .48 2.27 .86.17 D .15 O.D 100.34 276 14400 3850 11.7 

102z-{) 31. 45 17.86 18 .08 19.02 .ll .49 .72 .97 .10 8.96 O.OS 97.98 33G 600 0.2 

1177-{) 31.63 20.01 23.01 9.79 .54 1.49 .52 .84 .16 8.61 0.11 96.66 12 254 248 0.4 

1178-{) 28.24 18 .09 26.59 12.25 .48 .80 .04 .80.06 12.91 0.08 100.26 35 268 0.2 

1179-{) 33.27 20.98 20.04 11 .33 .96 1.39 1.20 .90 .16 7.62 0.09 97.85 3D 96 397 0.2 

1180-{) 24.02 14.32 31.73 14.46 .91 .04 .OS .29.06 D.57 0.88 99.45 38 910 376 4.0 

l006-{) 66.43 16.73 4.48 1.41 .47 1.63 4.75 .69 .09 2.78 0.01 99.46 17 JO 140 0.2 

l007-{) 82.20 6.32 4.01 .89 2.06 .27 1.29 .36.04 .78 1.33 98.28 18 

1014-{) 72.75 12.80 4.24 2.84 .40 1.19 2.82 .45 .07 2.44 0.01 100.00 

1019-0 63.98 14.09 8.06 4.98 .45 2.56 1.23 .61 .12 2.98 0.09 99.06 

l003-{) 59.17 21.99 3.84 1.51 .25 .61 7.31 .87.11 2.98 0.01 98.64 

21 

36 

95 

l008-{) 59.32 20.45 5.59 1.88 .52 .38 6.32 .79.ll 4.21 0.19 99.57 II 30 

lOIS-{) 68.26 12.89 6.30 3.7l .93 .88 2.92 .51 .11 2.38 0.22 98.89 14 

79 0.2 

60 0.2 

72 0.2 

79 0.2 

II 0.2 

66 0.2 

8.5 30 1 4.17 49 732 66 100 2.86 9.4 

8.8 68 

5.5 52 

5.0 46 

4.6 46 

3.9 31 

3.0 21 

1.50 37 1294 91 

3.65 43 426 81 

3.97 38 417 85 

2.01 30 521 89 

2.00 3) 462 80 

1.53 46 685 95 

NA 2.78 9.4 

NA 2.86 9.4 

NIl 2.86 9.4 

35 2.70 9.4 

90 3.57 9.4 

NA 2.63 9.4 

12.4 46 10 3.00 43 6070 382 5050 3.03 9.5 

2 14.5 181 5.35 32 3110 527 100 3.11 9.5 

2 24.0 274 75 15 .48 642 3576 573 1050 3.33 9.5 

24.0 285 75 16.11 663 3391 584 NIl 3.ll 9.5 

9.4 0.79 106 966 63 

13. 4 90 4.99 91 1684 139 

15.8 263 6.67 49 1559 90 

11.2 72 2.73 338 1525 246 

10 18 .0 418 1 8.84 10 1617 62 

80 2.86 9.5 

NA 3.03 9.6 

NIl 3.03 9.6 

NA 2.86 9.6 

NA 3.45 9.6 

2.2 

2.3 

2. 4 

4.9 

1.8 

0.72 651 671 25 210 2.78 9.7 

0.56 120 900 13 15 2.78 9.7 

0.30 344 455 20 140 2.70 9.7 

I 0.15 175 710 61 500 2.78 9.7 

0.94 855 251 99 350 2.78 9.8 

2.8 SO 4 2.00 765 319 45 120 2.78 9.8 

4.1 0.10 410 618 39 ISO 2.78 9.9 
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ALBITE-CHLORITE-PYRITE
ALTERED ROCKS 

Rocks rich in albite, chlorite, and pyrite are the most abundant 
altered rock overlying the Sullivan deposit. Albite-chlorite
pyrite rocks form an irregular alteration zone with lateral 
dimensions of 900 m by 900 m and a maximum thickness of 
150 m (Fig. 2). The alteration zone consists of: a basal layer 
of intensely altered rock consisting of chlorite and pyrite; an 

overlying zone of massive, bedded, or brecciated albitite; and 
a peripheral zone of slightly to intensely altered rocks rich in 
albite, chlorite, and pyrite, that surrounds and overlies the 
albitite (Shaw and Hodgson, 1980a,b, 1986; Hamilton et ai., 
1982). This alteration overprints hanging wall tourmalinite 
that lies above the eastern edge of the western ore body. 

The hanging wall alteration zone is in part underlain by 
chlorite-pyrite-calcite-altered rocks in the ore zone (Fig. 3) 
and albite-chlorite-pyrite altered rocks below the orebody 

Table 2. (cont.) 

Salr!>le Siq Al, q Fe, q MgO cao No, 0 J<,O Tiq P, q WI <XI 'JUI'AL OJ Pb Zn Ag Sb Bi Fe As W Ba lin SO SGI«I< 
'M'E 

Albit<H:hlorite-pyrite altered footwall rocks: 10.1 albitites; 10.2 albitEMOhlorite-pyrite rocks; 10.3 chlorite-albite-pyrite rocks; 10.6 & 11.1 chlorite-pyrite altered rocks; 
10.4 & 11.2 partially altered tounralinites; 10.5 & 11.3 apparently unaltered tounnalinites. 

1044-<l 66.15 18.88 1.20 .44 1.00 10.83 .03 .76 Nl\ .28 0 .17 99 .57 12 13 0.1 

1045-<l 67.26 17.01 2.64 .75 1.05 9.62 .03 .64 Nl\ .88 0.34 99.88 25 35 19 0.1 

1046-1 64.72 18.68 1. 27 .48 .69 10.19 .03 .56 Nl\ .56 1.05 97.18 20 0.4 

1046-2 65 .88 18.94 1.26 .46 .69 10. 30 .02 .57 NA .49 0.19 98.61 38 10 0.1 

1048-<l 64.93 18.67 1.23 .47 .81 10.32 .03 .69 Nl\ .56 0.01 97 .71 0.1 

1047-0 59.98 18.56 5.57 2.73 .76 9.09 .03 .11 NA 1.86 0.01 99.29 39 0.3 

1049-<l 56.41 17 .80 7.45 2.98 . 98 8.25 .01 .56 Nl\ 2.70 0 .27 97.14 13 36 0.3 

1050-{) 54.81 18 .31 9.03 4.49 .88 7.92 .01 .11 NA 3. 240.01 99.46 52 0.3 

1051-1 57.12 18.59 1.09 3.83 .71 8. 25 .02 .68 Nl\ 2.08 0.04 98.43 55 0.1 

1051-2 57.65 18.12 7.23 3.91 .76 8.61 .02 .68 NA .90 0.05 98.56 56 0.3 

1052-<l 44 .88 16.65 18.39 10.28 .73 3.06 .04 .70 Nl\ 5.53 0.01 100.26 341 132 1.1 

1053-<l 35.91 17 .61 21.83 12.56 .97 2.63 .01 1.00 Nl\ 7.00 0.01 99 .52 141 0.1 

1054-<l 33.30 16.81 24 .83 13.59 .19 1.31 .17 .73 Nl\ 6.38 0.01 91.91 148 0.1 

1191-<l 30.41 16. 83 26.96 13.66 .16 .52 .17 .81 .14 8.51 0.25 98.89 18 151 0.2 

1055-<l 62.64 12.64 10.15 3.88 .68 1.81 .01 .65 Nl\ 3.51 0 .15 96.63 83 101 42 0.9 

1056-2 64.03 14 .03 9.43 4 .09 .65 1.80 .01 .54 Nl\ 2.61 0.24 91.24 58 1240 39 4.3 

1056-1 64.01 14.00 9.69 3.99 .65 1.57 .01 .53 NA 2.43 0.11 96.81 63 1160 43 4.2 

1198-<l 67.18 11.81 8.88 2.58 .50 1.01 .01 .41.09 2.32 0. 26 94.91 82 135 31 1.1 

1199-<l 68.48 11 .23 9. 10 2.09 .46 .89 .01 .43 .01 2.55 0.25 95 .31 154 445 101 2.0 

1051-<l 12.68 13.91 4.18 2.85 .56 .95 .01 .51 Nl\ .45 0.04 96.15 45 205 16 1.2 

1058-<l 69.78 12.55 8.99 2.88 .45 1.20 .01 .51 Nl\ 1.20 0.01 97.56 206 84 15 1.2 

1200-{) 66.63 13.54 8.51 1.61 .46 .99 .01 .67.06 0.81 0 .16 93.29 151 50 0.2 

120H 58.65 12.91 16.36 1.86 .51 1.08 .11 .52 .01 2. 58 0.06 94.71 320 25 22 0.2 

1201-2 59.01 13.11 16.55 2.23 .52 1.10 .16 .52.09 2. 31 0.09 95 .12 365 17 0.2 

1060-{) 51.28 11.92 19 .50 8.83 .68 .98 .08 .51 Nl\ 6.290.01 100.13 68 151 98 1.5 

1027-<l 29.42 16.00 29.35 13.31 .57 .19 .01 .72 NA 9.56 0.41 99.12 14 220 228 1.5 

1028-<l 31.66 11 .54 25 .18 12. 12 .55 1.60 .04 .82 Nl\ 5.980.20 101.49 14 88 215 0 .6 

1032-<l 33.16 16.91 26.81 13 .08 .43 .76 .01 .67 Nl\ 7.51 0.28 99.39 63 262 0.1 

1033-<l 32.82 14.88 28.89 10.60 .79 1.20 .01 .66 Nl\ 9.28 0.40 99.12 28 160 210 8.2 

1035-0 27.62 13 .80 33.14 9.68 .12 .86 .10 .58 NA 12.12 0.11 99 .22 58 256 134 2.6 

1036-1 29.19 14.64 21.95 15.02 3.31 .42 2.30 .67 Nl\ 6.85 1.75 94.95 99 1120 403 5.8 

1036-2 30.62 14.14 22.08 15.40 3.33 .21 2.34 .67 Nl\ 6.622.28 96.01 96 1400 400 5.3 

1031-0 28.52 16.34 28.04 14.84 .31 .26 .01 .66 Nl\ 8.05 0 .08 97.08 29 115 183 1.3 

1038-0 25.10 14.13 32.86 13.81 .43 .21 .04 .60 NA 12.12 0.11 99 .90 113 188 190 0.6 

1039-0 22.66 13.31 34.60 12.39 .88 .40 .01 2.52 Nl\ 12.16 0.05 98.98 21 154 153 0.5 

1040-{) 25.93 15.71 31.01 14 .61 .63 .24 .01 .72 NA 8.650.01 97.50 65 214 176 1.8 

0.9 

1.8 

2 0 .8 

0.7 

0.8 

0.44 10 25 130 175 2.5 10.1 

4 1. 07 10 109 100 60 2.'1 10.1 

9 0.40 10 40 100 900 2.6 10 .1 

0.31 19 31 100 NA NA 10.1 

5 0 .46 36 30 110 990 2.6 10.1 

3.4 135 1 0.11 10 246 110 125 2.6 10.2 

5.1 50 2.23 133 265 100 1010 2.6 10.2 

5.8 2.20 10 312 130 900 2.7 10.2 

4.0 0.40 10 392 115 85 2.1 10. 2 

4.4 4 0.34 10 381 105 NA NA 10. 2 

n .7 30 1 0.31 10 979 150 165 2.810.3 

2 13 .0 0.19 10 1132 185 150 2. 8 10.3 

2 11 .0 20 1 1. 16 10 1186 125 65 2.9 10.3 

16.6 23 1.84 58 1116 219 100 2.94 10.3 

14 5.8 145 1 3.33 210 419 120 11500 2.1 10.4 

4.6 130 2 2.36 10 522 100 Nl\ NA 10.4 

4.7 140 1 2.25 24 482 95 13400 2.6 10.4 

4.4 154 4 2.46 10 621 103 10400 2.86 10.4 

4.6 139 4 2. 92 21 547 112 12000 2.86 10.4 

1.2 140 0.10 10 360 15 15100 2.8 10.5 

8 .4 400 2.80 10 454 60 12200 2.9 10.5 

3.1 2120 

9.6 1060 

9.0 1060 

2.82 38 483 110 17500 2.86 10.5 

1.16 60 519 143 13500 2.94 10.5 

6.38 55 519 143 NA 2.9410 .5 

6 12.4 100 1 2.36 10 655 105 Nl\ 2.8 10.6 

4 18.0 180 1 3.86 10 1341 230 NA 3.0 11.1 

16. 1 60 1. 88 n 1211 100 NA 2. 8 11.1 

15.9 0.11 32 1500 150 190 2.8 11.1 

29 18.8 140 1 6.21 10 1205 305 135 2.9 11.1 

12 20.3 275 1 13.82 15 1035 160 Nl\ 3.111.1 

6 14.2 20 1 3.35 156 3068 295 110 2.8 11.1 

6 11.0 30 1 4.15 93 3102 90 80 NA 11.1 

18.6 20 2.01 20 1157 295 85 2.1 11.1 

22.0 180 9.13 10 861 155 45 3.0 11.1 

20.9 290 60 11.81 10 1072 215 Nl\ 3.2 11.1 

37 17 .2 85 1 4.60 10 1039 160 65 2.8 11.1 

113 
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(Fig. I). Within the ore zone, massive pyrrhotite and 
lead-zinc ore are altered to rocks containing abundant pyrite, 
chlorite, and calcite, and interbedded sedimentary rocks are 
altered to a chlorite-pyrite rock (Shaw and Hodgson, 1986). 
Alteration of the ore body is most intense in the area of the 
pyrite-calcite core (Fig. 3), where pyrrhotite is completely 
altered to pyrite; lead, zinc, and silver concentrations are 
below ore grade. The pyrite-calcite core is surrounded by a 
zone of incomplete alteration, in which lead, zinc, and silver 
concentrations are above ore grade and pyrrhotite is partly 
altered to pyrite. 

In the part of the footwall zone that underlies the 
chlorite-pyrite-caicite alteration zone of the ore body , 
tourmalinite within about 20 m of the footwall contact of the 
orebody is discontinuously altered to albite-chlorite-pyrite in 
an elongate northerly-trending zone 700 m long and 350 m 
wide (Fig. 1). The albite-chlorite-pyrite zone in the footwall 
is continuous with, and extends to the south of, the 
chlorite-pyrrhotite zone. 

Table 2. (cont.) 

Albite-chlorite-pyrite-altered rocks display strong 
compositional zoning, from the scale of hundreds of metres 
to an individual vein let. Compositional zoning on a large 
scale is best developed in the hanging wall alteration zone, 
where a central core of albitite 430 m by 300 m in extent 
grades outwards to albite-chlorite-pyrite rocks. Zoning on a 
small scale is displayed by albitite vein lets a few millimetres 
thick that possess symmetrically developed chlorite-pyrite 
alteration envelopes. Consequently, rocks in this group 
display extreme variations in mineralogy and chemistry over 
short distances. Albitite is composed of massive granular 
albite with minor amounts of magnesian chlorite, sphene, 
pyrite, calcite, and quartz. The albite has an average 
composition of AnO.65 Ab98.96 OrO.39 with a range of Ano to 
An2.5' (Hamilton et al., 1982). Tourmaline is present where 
the albitite replaces earlier-formed tourmalinite. Chlorite
pyrite rocks contain chlorite, sphene, pyrite, muscovite, 
tourmaline, minor albite, and allanite. Albite-chlorite-pyrite 
rocks are intermediate in composition between albitite and 
chlorite-pyrite. Detrital quartz grains of the sedimentary 
protoliths are obliterated in albite-chlorite-pyrite-altered 

sample SiD, Al,D, Fe,D, MgO cao Na,D K,D TiD, P,D, LOI 00, 'lUl'AL CU Pb Zn Ag Sb Bi Fe As Ba MIl Sn 00 ROCK 
mE 

IlJ\ -2 28.41 17 .99 28.93 14.69 .62 :n .01 .64.11 8.37 0.24 100.04 292 29) 0,7 

1131-1 28.79 18.19 29.22 14.25 .64 ,19 ,01 ,66 ,11 8,50 0,01 100,56 279 )19 0.6 

1132-0 26.25 19,77 26.29 15,)8 ,70 ,19 .01 .97.11 9.45 0.06 99,12 15) 410 0.5 

1141-2 21.38 13,22 39,27 10.82 ,50 ,14 .06 ,64 ,07 15,06 O.H 101.16 137 1710 4)5 8.7 

1141-1 22.12 13 ,55 38,02 11.39 .51 ,17 .01 ,67 .07 14.38 0.21 100.89 125 1540 )94 7.9 

1154-0 28.66 21.81 2),52 9,21 1.25 ,3) 0.2 ,85 ,13 8.37 0.17 94.15 54 1920 284 7, 2 

1174-0 )2.43 16,72 27,15 11,58 .)9 1.12 .01 ,74 .10 9.120.01 99.)6 213 )65 0.6 

1155-0 66.63 11 ,17 10,64 4.92 ,)1 ,)5 .0) .51 .07 3,11 0,21 97.74 18 90 172 0.2 

1156-0 62.35 11.57 \3,67 3.59 .42 ,35 ,01 ,53.06 3,60 0,10 96.14 78 220 205 0.4 

1157-0 55.33 10,50 21.17 3,78 .32 ,83 ,01 ,41 ,06 5,22 0,20 97.63 229 203 198 0,2 

1026-1 56.21 13 ,65 19 ,91 2,61 .54 1.00 ,01 .56 NA 2.58 0,02 97.07 276 630 

1026-2 56,83 13 .75 18 ,92 2,79 ,52 1.07 .01 .54 NA 2.80 0,01 97,2~ cl0 600 

1029-0 68.36 15 ,13 6,52 1.13 .52 .99 .01 .53 NA .81 0,03 95,99 

1030-0 73 .77 13.21 4.11 2.51 ,50 .80 .01 .41 NA .41 0,01 95,72 

1031-2 77.94 10.45 5.07 2.05 .41 .68 .01 .40 NA .99 0.05 98,00 

1031-1 77.95 10.35 5.12 1.98 ,41 .56 .01 .40 NA .94 0.01 97,71 

1034-0 68.89 14.8) 6.57 3.01 .55 .72 .01 .60 NA .49 0.08 95,66 

74 

57 

87 

90 

25 

26 5.6 

22 5.0 

35 0,6 

16 0.6 

15 O,~ 

14 0.9 

18 0.3 

1158-0 28 .17 21.14 27.37 6.41 1.67 1.11 .01 1.03 .14 8.74 0. 15 95,79 235 1280 141 3.6 

OIlorite-pynbotite altered foot:1lall t:wmBlinite: 13.0. 

1229-0 24 ,99 17,49 28,72 16,71 .90 .12 ,22 ,75 .14 9.81 0.27 99.85 135 1360 950 4.3 

1230-0 37 .49 13,12 25,91 12.04 .57 .17 .18 .56 ,09 8.20 0. 26 98.33 230 908 480 4.0 

1231-1 22 ,40 15.16 37.82 14,26 .70 .21 .31 .68 ,13 4,780.16 96,45 398 537 800 2.7 

1231-2 21.92 15.12 38.17 13.39 .69 .19 ,32 ,67 ,13 10,37 0,41 100.97 360 529 726 2,4 

1232-0 23, 62 17,23 32.87 13 .19 .65 .04 ,01 .81 ,13 9,64 0,1 2 98.19 141 154 8450 0.9 

2 12 ,7 

16,0 

2 0,27 25 1888 164 

4 0.20 35 1881 168 

50 2.9411,1 

75 2.94 11.1 

2 15 .8 34 1 1.02 40 3058 230 NA 2.94 11.1 

22 25.0 452 I \3,68 Z7 1337 101 

18 25.0 4)5 1 12,55 26 1372 105 

16 13,1 )83 1 5,07 49 1301 363 

NA 3,13 ILl 

NA 3,13 11.1 

NA 3,33 ILl 

17,0 79 2 3,92 42 2498 124 NA 3,5711.1 

5.7 304 8 0.94 28 925 100 5100 2.78 11.2 

8,1 243 4 3.37 36 837 108 8900 2.94 11.2 

2 13.5 340 2 7.11 10 761 96 4950 2.94 11.2 

33 12.0 1200 1 8.03 50 256 40 13600 2.9 11,3 

25 10.5 1000 1 7,34 44 230 40 NA NA 11.3 

1.8 60 4 0.52 38 596 80 14000 2. 7 11.3 

28 0.9 90 1 0,33 41 328 40 17000 2,711,3 

1.9 140 4 1.27 10 334 40 NA NA 11.3 

10 1.7 135 5 1.26 59 333 40 10500 2,611 .3 

2 1.5 4 0,24 78 618 80 16500 2. 8 11 .3 

15,2 1590 2 11,87 6) 877 259 24700 3.70 11 .3 

11 16,6 26 3 5.26 35 5936 968 50 3.45 13,0 

24 14,7 118 2 6,09 25 3553 346 300 2,7013.0 

25 23,0 152 1 9,19 35 3765 653 110 3,23 1),0 

20 19,2 126 4 9,56 37 3723 649 NA 3.23 13.0 

18,3 3920 3 5,51 31 3663 116 600 2,7813.0 

1233-0 27.25 12. 06 37,14 9,04 .43 .19 .01 .45 .12 9.13 0.05 95.82 169 17000 20500 101.0 2 287 21.0 700 2 10 ,69 10 2700 74 60 3,03 13.0 

Note: Major el_nts (SiD, to 00" Fe and S) in percent; CU, Pb, Zn, Ag, Sb, Bi. As, W, Ba, MIl, Sn, Bin PlJll; rIA : not analyzed; 00: specific gravity. 
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rocks, albitites, and chlorite-pyrite rocks. Larger scale 
structures and textures such as conglomerate pebbles and 
bedding are locally preserved. 

Albitites from the hanging wall and footwall are very 
similar in chemical composition, and approximate pure 
albite. Relative to unaltered Aldridge Formation, albitites 
contain substantially more Na20 and AI20 3, slightly more 
Ti02 and B20 3, and less Fe203' MgO, CaO, K20, and Ba. 
These chemical differences are due to increased abundance 
of sodic plagioclase, the absence of muscovite, and the minor 
occurence of tourmaline. Relative to precursor tourmalinite, 
albitites contain significantly more Na20, AI20 3, and Ti02, 
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Figure 1. Plan view of the Sullivan ore body illustrating the 
distribution of chlorite-pyrrhotite and albite-chlorite-pyrite 
alteration in rocks underlying the Sullivan orebody. The extent 
of the sulphide body, transition zone, pyrite-calcite core within 
the sulphide body, and the footwall tourmalinite zone are 
shown for reference. Maps are based on detailed mapping 
and compilation of Cominco Ltd. data by D.R. Shaw between 
1976 and 1980. 
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and less Fe203' MgO, MnO, and B20 3. Relative to unaltered 
Aldridge Formation, hanging wall albitites are enriched, and 
footwall albitites are depleted, in Cu, Pb, and Zn. 

Chlorite-pyrite altered rocks from the hanging wall, ore 
zone and footwall are very similiar in chemical composition, 
and when recalculated to a sulphide mineral-free analysis the 
rock composition approches that of iron ripidolite chlorite. 
Relative to regional Aldridge Formation, chlorite-pyrite 
rocks are strongly enriched in AI20 3, Fe203' MnO, MgO, and 
Ti02 and strongly depleted in Si02, CaO, Nap, and K20. 
The Cu, Pb, Zn, and B20 3 are enriched and Ba depleted in 
chlorite- pyrite rocks relative to unaltered Aldridge Formation. 
Relative to precursor tourmalinite, chlorite-pyrite-altered 
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Figure 2. Plan view of the Sullivan orebody illustrating the 
distribution of albitite (after unpublished Cominco Ltd. map by 
S.B. Hamilton, 1962), albite-chlorite-pyrite and chlorite
pyrrhotite in rocks overlying the Sullivan orebody. The extent 
of the sulphide body, transition zone, and pyrite-calcite core 
within the sulphide body are shown for reference. Maps are 
based on detailed mapping and compilation of Cominco ltd. 
data by D.R. Shaw between 1976 and 1980. 
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rocks show similar chemical changes with the exception of a 
strong depletion of B20 3 and a slight enrichment of K20. 
These chemical changes are due to the abundance of chlorite 
and the absence of quartz, plagioclase, and tourmaline in 
chlorite-pyrite-altered rocks. Albite- chlorite-pyrite rocks 
are intermediate both in composition and mineralogy relative 
to albitite and chlorite-pyrite end member alteration types. 

The zone of intense albite-chlorite-pyrite alteration in the 
hanging wall is overlain by an interval of slightly to 
moderately altered sedimentary rocks (Table 1, alteration 
types 9.7 to 9.9). Relative to unaltered Aldridge Formation, 
these slightly to moderately altered hanging wall rocks are 
enriched in A120 3, K20, and MgO, slightly enriched in 
Fe203' MnO, B20 3, and S, and depleted in CaO, Na20, Cu, 
Pb, and Zn. The increased K 20, and AI20 3 contents and 
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Figure 3. Plan view of the Sullivan orebody illustrating the 
extent of pyrite-calcite core and maximum extent of partial 
chlorite-pyrite-calcite alteration within the sulphide body. The 

. extent of the sulphide body, and location of transition zone are 
shown for reference. Maps are based on detailed mapping 
and compilation of Cominco Ltd. data by D.R. Shaw between 
1976 and 1980. 
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decreased Na20 and CaO contents reflect the occurrence of 
muscovite alteration (Shaw et aI., 1993), and the increase in 
MgO, MnO, and Fe203 is due to weak chloritization. 

Relative to unaltered tourmalinites from the centre of the 
footwall tourmalinite zone, tourmalinites partially altered to 
albite-chlorite-pyrite rocks contain more Fe203' MgO, and 
Na20, and less B20 3. Apparently unaltered tourmalinites 
adjacent to albite-chlorite-pyrite footwall rocks are enriched 
in A120 3, Fe203' MgO, Na20, and B20 3, and slightly 
depleted in Si02 compared to unaltered tourmalinites. 

DISCUSSION 

Mobility of Al203 and Ti02, volume changes, and 
absolute gains and losses during alteration 

Major concerns regarding the interpretation of chemical 
changes associated with alteration at the Sullivan deposit are 
discussed in Shaw et al. (1993). Most important of these are 
the effect of volume change during alteration, and evidence 
for mobility of AI203 and Ti02. In strongly altered rocks 
(chlorite-pyrrhotite, chlorite-pyrite, albitite) primary 
sedimentary textures vary from partially preserved to 
completely destroyed. On a microscopic scale, the original 
detrital framework of quartz grains is completely obliterated. 
These observations suggest significant volume changes 
accompanied alteration. However, calculation of volume 
changes and absolute gains and losses that occurred during 
alteration based on an assumption of AI203 and Ti02 
immobility is problematic. Albitites containing about 18% 
AI203 and 0.7% Ti02, and chlorite-pyrite and chorite
pyrrhotite rocks containing 20% A1203, 1 % Ti02 and 35% 
Si02 have formed from Aldridge sediments containing 70% 
Si02, 13% A1203, and 0.55% Ti02. This requries either 
massive changes in volume, or mobility of AI203 and Ti02. 
The occurrence of abundant sphene in chlorite-pyrite rocks 
in the ore zone suggests mobility of Ti02, while the local 
preservation of delicate laminations in albite-chlorite
pyrite-altered conglomerate pebbles suggest local 
volume-for-volume replacement. 

Volume change during alteration implies high water-to
rock ratios during chlorite-pyrrhotite and albite-chlorite-

. pyrite alteration. High water-to-rock ratios are also indicated 
by the similarity in chemical and mineralogical composition 
of albite-chlorite-pyrite-altered rocks formed from different 
unaltered and tourmalinite protoliths, and the massive scale 
of chemical changes that accompanied alteration. This is in 
contrast to tourmalinite, which appears to have formed by 
constant-volume alteration precesses (Shaw et aI., 1993) 
characterized by lower water-to-rock ratios . 

Relative timing of alteration 

Chlorite-pyrrhotite and albite-chlorite-pyrite alteration are 
superposed on tourmalinite and clearly postdate 
tourmalinization (Shaw and Hodgson, 1980a,b, 1986; 
Hamilton et aI., 1982; Turner and Leitch, 1992). Albite
chlorite-pyrite alteration is superimposed on the orebody and 



clearly postdates ore deposition. Shaw and Hodgson (1986) 
suggest that chlorite-pyrrhotite alteration accompanied and 
continued after ore deposition. Replacement of pyrrhotite by 
pyrite near the upper margin of the hanging wall 
chlorite-pyrrhotite zone suggest that chlorite-pyrrhotite 
alteration occurred earlier than chlorite-pyrite alteration. The 
common zonation of albite-chlorite-pyrite-altered rocks on 
many scales from a central core of albitite to periperal 
chlorite-pyrite implies synchronous albitization and chlorite
pyrite alteration. The occurrence of chlorite-pyrite vein lets 
cutting albitite, and abundant albitite fragments in a 
chlorite-pyrite matrix at the base of the albitite core, however, 
suggest that some chlorite-pyrite alteration postdated 
albitization, perhaps due to the collapse of the albite to 
albite-chlorite zone boundary late in the alteration process 
(Turner and Leitch, 1992). 

Iro" a"d mag"esium metasomatism 

The abundance of chlorite in chlorite-pyrrhotite and chlorite
pyrite alteration above, within and below the orebody is 
evidence of extensive iron and magnesium metasomatism of 
silicate minerals at the Sullivan deposit. The composition of 
chlorite-pyrrhotite and chlorite-pyrite rock when recalculated 
to a sulphide-mineral free analysis, approaches the compo
sition of pure chlorite and reflects intense alteration and 
mobility of elements during alteration. Less intense iron and 
magnesium metasomatism is reflected by the occurrence of 
chlorite-biotite-garnet-altered rocks in the footwall zone 
(Shaw et aI., 1993). 

Significant addition appears to have occurred during 
chlorite-pyrite alteration and chlorite-pyrrhotite alteration. It 
is unclear whether the high iron sulphide content of 
chlorite-pyrrhotite and chlorite-pyrite alteration reflects the 
synchronous introduction of iron and sulphur during 
alteration, or chlorite alteration of silicates in a pyrrhotite-rich 
rock. Tourmalinite in close proximity to the base of the 
suphide body typically contains abundant pyrrhotite (Leitch 
and Turner, 1992). At contacts between chlorite-pyrite and 
tourmalinite in the footwall zone, there is no obvious increase 
of sulphide content in the chloritic rock relative to the 
tourmalinite. Unaltered tourmalinite in the area of footwall 
chlorite-pyrite alteration contains 4.4% sulphur (Shaw et aI., 
1993). Partially altered tourmalinites and apparently 
unaltered tourmalinites in close proximity to chlorite
pyrite-altered and albite-chlorite-pyrite-altered tourmalinite 
contain 3.2% and 3.6% sulphur respectively. Footwall 
chlorite-pyrite rocks contain 5.1 % sulphur. These geological 
relationships and chemical data suggest that pyrite in footwall 
chlorite-pyrite rocks formed by alteration of pyrrhotite in 
tourmalinite. Chlorite-pyrrhotite-altered footwall rocks, 
however, contain 7.4% sulphur and may reflect addition of 
both iron and sulphur. 

Chlorite-pyrite and chlorite-pyrrhotite alteration reflect 
intense magnesium metasomatism. Formation of Mg
silicates in modem seafloor hydrothermal systems is caused 
by mixing of Mg-depleted silica-bearing hydrothermal fluids 
and Mg-bearing seawater (e.g., Seyfried et aI., 1988). This 
Mg uptake by Mg-silicates makes it unlikely that 
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seawater-derived Mg will penetrate significantly into the high 
temperature regions of submarine geothermal systems. By 
analogy, chloritic alteration at Sullivan could reflect a 
seawater dominant system at relatively shallow depths below 
the seafloor (Shaw and Hodgson, 1980b; Turner and Leitch, 
1992). Abundant Mg-silicates occur within iron 
sulphide-rich hydrothermal vent mounds in sediment-filled 
rifts such as Guaymas Basin and Middle Valley (e.g., 
Lonsdale et ai., 1980; Turner et aI., 1991) are interpreted to 
result from ingress and heating of seawater in the very 
shallow (<30 cm depth) subsurface (Turneret aI., 1991). The 
concordant bodies of chlorite-pyrrhotite at the base of the 
Sullivan orebody may reflect a similar ingress and heating of 
seawater around the hydrothermal vents that formed the 
Sullivan orebody. 

Sodium metasomatism 

Extensive sodium metasomatism at the Sullivan deposit is 
reflected by the abundance of albite in albite-chlorite-pyrite 
alteration developed above and below the orebody. The 
composition of albitite when recalculated to a sulphide-free 
analysis approaches that of pure albite and reflects intense 
alteration and mobility of Alz03, TiOz, and other elements 
during alteration. 

Experiments by Bischoff et al. (1981) monitored the 
reaction of grey wacke with seawater and brines at 350°C and 
500 bars and indicate that an assemblage of 
chlorite-smectite albite can form from heated seawater. 
However, the formation of extensive bodies of massive albite 
(i.e. albitite) with little chlorite likely requires brines enriched 
in sodium (Bischoff et ai., 1981) and significantly depleted 
in magnesium and calcium (Seyfried et aI., 1988). Sodium 
fixing through albitization is expected in upflow zones of 
seafloor hydrothermal systems in which Na- and Si-bearing, 
Mg-free, and Ca-depleted fluids are derived from 
high-temperature reactions at depth (Seyfried et aI., 1988). 

At Sullivan, albitite occurs along hydrothermal conduits 
surrounded by chlorite-rich assemblages, and locally is 
overprinted by late chlorite veins (Shaw and Hodgson, 
1980b). Turner and Leitch (1992) suggested that albitic 
alteration reflects the core upflow zone of high Na/(Mg+Ca) 
brines. Marginal to this hydrothermal plume, mixing with 
Mg-rich interstitial fluids derived from seawater resulted in 
chlorite-dominant alteration. Turner and Leitch (1992) also 
suggested that waning of hydrothermal activity allowed 
penetration of Mg-rich seawater into the albitite body along 
fractures causing late chloritic alteration of albite. 
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Surficial geology of the Queen Charlotte Basin: 
evidence of submerged proglaciallakes at 170 m 
on the continental shelf of western Canada 
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Josenhans, H.W., Barrie, J.V., Conway, K.W., Patterson , R.T., Mathewes, R .W., and 
Woodsworth , GJ., 1993: Surficial geology of the Queen Charlotte Basin: evidence of submerged 
proglaciallakes at 170 m on the continental shelf of western Canada; In Current Research, Part A; 
Geological Survey of Canada, Paper 93-1A, p . 119-127. 

Abstract: A high resolution marine seismic and sampling program in the region was carried out during 
a 12 day cruise aboard the research vessel CFAV Endeavour. Preliminary results indicate that grounded 
glaciers deposited sediments in the deep troughs which indent the continental shelf as far west as the shelf 
break. Offlapping till tongues found in the troughs indicate that ice retreated stepwise from Queen Charlotte 
Sound at the close of the last (Late Wisconsinan) glaciation. Detailed studies of submerged shoreline 
deposits define the volume and frequency of failure of steeply dipping prograde sand and gravel deposits. 

Partially eroded, proglacial lake deposits found in 170 m water depth were seismically surveyed and 
sampled in Hecate Strait near southeastern Moresby Island. Paleolacustrine deposits at this location on the 
shelf imply that sea level was locally lowered by at least 170 m. Data from the cruise suggest an east to 
west tilt and lowering of paleoshorelines of at least 60 m vertical per 50 km horizontal. 

Resume: On a realise un programme de leves sismiques de haute resolution et d'echantillonnage dans 
la region pendant une croisiere de 12jours a bord du navire de recherche CFAV Endeavour. Les resultats 
preliminaires indiquent que des glaciers echoues ont depose des sediments dans de profondes fosses qui 
entaillent la plate-forme continentale vers l'ouest jusqu'a la marge de la plate-forme. Les langues 
regressives de till rencontrees dans les fosses temoignent du retrait graduel de la glace du detroit de la 
Reine-Charlotte a la fin de la derniere glaciation (Wisconsinien tardif). Des etudes detaillees des depots 
littoraux submerges ont perm is de definir Ie volume et la frequence de rupture des depots progrades 
fortement inclines composes de sable et de gravier. 

Les depots lacustres proglaciaires partiellement erodes rencontn!s dans une profondeur d'eau de 170 m 
ont fait l'objet de leves sismiques et d'echantilJonnages dans Ie detroit d'Hecate pres du sud-est de l'ile 
Moresby. La presence de depots paleolacustres situes a cet endroit sur la plate-forme continentale implique 
que Ie niveau marin s'est abaisse d'au moins 170 m a cet endroit. Les donnees recueillies au cours de la 
croisiere semblent indiquer un basculement d'est en ouest et un abaissement vertical des anciennes lignes 
de rivage d'au moins 60 m sur des distances horizontales de 50 km. 

1 Ottawa-Carleton Geoscience Centre, Carleton University Ottawa, Ontario 
2 Department of Biological Sciences and Institute of Quaternary Research, Simon Fraser University, Burnaby, B.C. 

V5A IS6 
3 Cordilleran Division, Geological Survey of Canada, 100 West Pender Street, Vancouver, B.C. V6B IR8 
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INTRODUCTION 

The Queen Charlotte Basin was the focus of surficial 
geological studies by the Geological Survey of Canada as part 
of the mandate of the Frontier Geoscience Program. The 
results ofthis work indicate extremely rapid relative sea level 
and environmental change at the end of the last glaciation 
(Luternauer et aI., 1989). Sea levels on the inner continental 
shelf were much lower (lOOm) than present while at the same 
time areas at the heads of mainland fiords were submerged 
by up to 200 m. This observation implies a degree of east to 
west tilting in sea level. Important questions as to the timing, 
spatial variation, and mechanisms of these sea level changes 
on the western Canadian shelf are outstanding. 

Onshore data suggest that parts of the Queen Charlotte 
Islands may have been ice free during the last glaciation 
(Warner et aI., 1982). Questions regarding the seaward limits 
of the last (Fraser) glaciation on the continental shelf remain 
unanswered. 

In view of the above mentioned gaps in what is known 
about this region, Cruise PGC92-004, aboard the CF AV 
Endeavour, was mounted to address objectives including 
(i) an investigation of the regional glacial stratigraphy, 
(ii) examination of the stability of steeply sloping, former 

eSample Locations 

'2' 

shoreline deposits, and (iii) a study of the paleoenvironments 
of surficial deposits to provide constraints on sea level 
reconstructions. 

Seismic profiles were placed to determine the maximum 
seaward extent of glaciation and piston core samples from 
these glaciogenic deposits were collected to obtain dateable 
material to define the age and rate of ice retreat from the 
continental shelf. Additionally, lines were run in areas where 
previously collected data suggested good resolution of till 
sequences on the inner shelf might be obtained. These data 
were collected to provide insight into the mechanisms and 
rate of deglaciation. 

Detailed site specific investigations were carried out on 
the eastern margin of Middle Bank in central Queen Charlotte 
Sound (Fig. 1) to determine the volume, composition, 
stability and age of a paleo-shoreline prograded spit deposit. 
Numerous similar large sand spits occur throughout Queen 
Charlotte Sound with steep prograde slopes which have failed 
repeatedly since their emplacement. Our objective was to 
acoustically image the detailed architecture of one of these 
features and to define the frequency and volume of slope 
failure at this site. 

Our final area of detailed study focused on mapping and 
sampling a sequence of horizontally stratified, incised basin 
fill deposits found in the vicinity of south western Laskeek 

- Seismic Lines 

- - - Figure Locations 

Figure 1. Bathymetry map of Queen Charlotte Sound showing location of seismic tracks and sample 
locations of Endeavour cruise 92A004. 

120 



Table 1. Endeavour 92-004 facts sheet 

SAMPLE INVENTORY NUMBER 

PllTERSON GRABS 1 

BENTHOS PISTON CORES 18 

VIBRACORES 5 

TOTl'.L Sl'.MPLES 24 

DATA TYPE KILOMETRES 

3.5 KHz BATHYMETRY 180 

12 KHz BATHYMETRY 1205 

HUNTEC DTS 1301 

SLEEVEGUN SEISMICS 1116 

100 KHz SIDESCAN 1196 

TOTAL LINES (#1-42) 1385 

Bank off south Moresby Island in greater than 170 m water 
depth. Seismic profiles indicate that up to 25 m of material 
has been eroded from these deposits. A survey and sampling 
program was designed to determine the origin ofthe basin fill 
deposits and the cause of the incised relief. 

The data collected during this cruise will be used to update 
maps of surficial geology and regional seismostratigraphy of 
the region published earlier by Barrie et al. (1990) and 
Luternauer et al. (1990), as well as to address specific 
questions relating to the maximum extent of glaciation and 
late glacial sea level history of Queen Charlotte Basin. 

RESULTS 

A summary listing of seismic and sample data collected in 
this cruise is shown in Table 1. Seismic lines and sample 
positions are shown in Figure I. 

Ice contact and ice retreatfeatures 

The acquired data has allowed acoustic imaging of the three 
dimensional distribution of glacial and postglacial sediments 
throughout Queen Charlotte Sound (QCS). An acoustically 
unstratified massive unit called "till" (Fig. 2) extends all the 
way to the shelf break and is interpreted to indicate that 
grounded glaciers flowed all the way to the shelf edge through 
Goose Island and Mitchell's Trough. The seismic profile 
illustrated in Figure 2 demonstrates the thickness and 
westward extent of multiple "tills" within the base of 
Mitchell's Trough. A piston core taken within the seismo
stratigraphically defined ice-proximal/ice-contact deposits 
associated with the uppermost "till" is illustrated in Figure 3a. 
The 5.5 m core sampled a poorly sorted gravelly mud at the 
base, which grades upwards into coarsely laminated 
sediments. These sedimentary features are consistent with an 
ice contact to ice proximal depositional setting and support 
the seismostratigraphic interpretation of "till". 

Subsamples from core 27 (Fig. 3) were examined with a 
binocular microscope in an attempt to determine source 
terranes of the sediments. Two sand fractions were examined. 
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At 414-416 cm this sand consisted of quartz, feldspar, 
epidote, hornblende, and garnet. Some tiny lithic clasts might 
be shale, siltstone, or aphanitic black volcanic material. The 
sample from 451-453 cm consists largely of quartz, feldspar, 
hornblende, epidote, sphene and other minerals. A few 
millimetre-sized clasts of intermediate(?) volcanic rocks do 
not appear to be highly altered and might be Miocene or 
younger. Given the fine grained nature of the sediments and 
the absence of distinctive, diagnostic lithologies, the 
provenance of these samples is uncertain. 

Seismic profiles collected from the troughs indicate 
regionally extensive "till sheets", often superimposed and 
typically 30 m thick. Profiles from the transition of trough to 
bank tops show numerous disconformities and seismic 
reflector truncations. The data do not clearly resolve if glacial 
till occurred on the bank tops although acoustically massive 
deposits which may represent tills are observed locally. The 
question of ice cover on the bank tops remains unresolved. 

No evidence for young (postglacial) faulting was 
observed on the seismic records. The unconformity develop
ed at the base of the glacial deposit illustrated in Figure 2 is 
smooth and unbroken. 

A series of seismically resolved ice retreat deposits called 
till tongues (King et aI., 1991) were found and sampled in 
Cook's Trough. These features were believed to have been 
formed by the stepwise, southward retreat of a glacier in 
Cook's Trough. Similar ice retreat features are resolved 
seismically in all the major troughs of Queen Charlotte Sound 
(Fig. 2). Figure 3b illustrates the seismostratigraphic setting 
and sedimentary features of a piston core representative of 
ice proximal glaciomarine sediments deposited directly at a 
till tongue. 

Four cores were taken along the axis of Cook's Trough 
(Fig. 1) within similar ice-proximal till tongue settings. These 
cores have been subsampled and shell fragments from the ice 
proximal deposits will be dated to determine the rate of ice 
retreat from Cook's Trough. 

Paleo shoreline deposits 

A closely spaced grid of seismic profiles from the eastern 
edge of Middle Bank (Fig. I), shows a sequence of steeply 
dipping prograded reflectors (Fig. 4) which extend from a 
depth of 110 m at the bank top to approximately 200 m in 
Mitchell's Trough. Vibracore samples (Fig. 4) from the top 
of this prograde spit sequence, indicate beach sands and well 
rounded gravels which must have been deposited when sea 
levels were at least 110m lower than present. Four vibracores 
were obtained from the oldest to the youngest member of the 
prograded sequence. Shell fragments found within these 
sands and well rounded gravels will be dated to determine the 
age of the deposit as well as to determine the rate of 
progradation. Three piston cores define the lateral extent and 
volume of numerous slump deposits observed at the base of 
these shoreface deposits. Piston cores obtained from above 
and below a large slump deposit (Fig. 4) will be analyzed to 
determine the age and frequency of these slope failure events. 
The number of slumps observed at the base of the slope 
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suggest that these depositional settings may be sensitive 
indicators of seismicity. Experience gained in studying the 
three dimensional configuration and frequency of failure of 
these former shoreline deposits has helped to develop an 
appropriate methodology for studying the stability of modem 
high angle prograding spits such as those found off Comox, 
British Columbia and Port Angeles and Dungeness spits in 
Juan de Fuca Strait. 

Proglaciallake deposits 

Southeast of Moresby Island,in up to 170 m water depth, the 
Huntec and airgun data reveal (Fig. 5a, b) a unique seismic 
unit which is interpreted to represent a proglaciallake deposit. 
The seismic data indicate that these horizontally stratified 
sediments were deposited as basin fill into the localized de
pressions formed on the volcanics of the Masset Formation. 

A regional erosional event has subsequently incised these 
basin fill deposits by up to 25 m, resulting in numerous 
(submerged) cliff sections (Fig. 5). Piston cores and 
vibracores were taken from the flanks of these exposures and 

~ 
10 cubic inch sleeve gun profile 

25 m of (Quaternary) section was sampled. At the base of the 
section the recovered cores contain sand- to silt-sized 
sediments, in what appear to be rapidly deposited rythmites. 
These are overlain by a fining upward sequence of rythmites 
and massive silty clays. Above the clays, a veneer, up to 1.5 m 
thick contains coarse grained sands, gravels and shell 
fragments. The latter unit is thought to have developed when 
the area was transgressed at the end of the Late Wisconsinan. 
In contrast to the sterile sediments found at the base, the upper 
part of the section includes marine shells and forams. 

Pollen analysis 

Preliminary results of pollen analysis from the upper 280 cm 
of sediments (Fig. 5a) are consistent with an interpretation of 
a proglacial lake deposit, grading into late-glacial muds, in 
tum overlain by sediments of a marine transgression. The 
basal varve-like rythmites contain fine organic matter and are 
essentially barren of pollen and spores. Between 220-250 cm, 
pollen and spore frequencies increase, with an abundance of 
pine pollen, as well as soil fungi and fresh-water plant 
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remains. Pine pollen reaches very high values around 200 cm, 
and is soon joined by abundant and well preserved spruce 
grains by 184-186 cm. Comparison with terrestrial sequences 
on the Queen Charlotte Island suggests a late-glacial age of 
ca. 12 000 BP for initial pine expansion, and ca. 11 000 BP 
for the initial appearance of spruce. It appears that the 
sampled basin was a late-glacial fresh water lake, probably 
transgressed by the sea during the transition to the early 
Holocene. 
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Microfauna analysis 

Twenty-seven samples from core END 92A-021 (Fig. Sa) 
were quantitatively examined for their foraminiferal and 
other microfossil group content. Fourteen of these samples 
contained at least some foraminifera and no sample was 
devoid of any useful micropaleontological specimens. Most 
of the non-foraminiferal bearing samples are from the Diatom 
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Biofacies (described below). The core could be divided into 
four distinct biofacies that correlated almost exactly with the 
various lithological units described in Figure Sa. 

1. Ostracode biofacies: 274 cm - bottom of core 

The sandy muds in the basal part of the core below 274 cm 
are characterized by very abundant populations of exclus
ively smooth walled ostracodes (probably Cypridae). This 
interval is also characterized by very rare centric diatoms (no 
pin nates were observed in this interval) and a single specimen 
of the foraminifera Quinqueloculina triangularis, a species 
common to neritic depths all along the Pacific coast. The 
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presence of the probably transported foram suggests that the 
ocean was not far away. The lack of fresh water indicating 
pennate diatoms also suggests that perhaps conditions were 
brackish during deposition of this interval. The lake may have 
been subject to periodic marine incursions at this time. 

2. Diatom biofacies: 128-274 cm 

The organic rich varved muds found between 128 and 274 cm. 
are characterized by very abundant populations offresh water 
centric and pennate diatoms, characteristic of fresh water 
lakes. Most of the samples from this interval are also 
characterized by very abundant pollen taxa also characteristic 
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of onshore fresh water environments. The lack of bio
turbation, microfossil assemblage, and the varved nature of 
the sediments indicate that the lake bottom had low oxygen 
content. One atypical interval of this biofacies found between 
234 and 246 cm is characterized by a mixed lacustrine diatom 
and marine shelf foraminiferal fauna. In addition, specimens 
of the benthic fresh/brackish arcellacean Centropyxis 
aculeata are also found. The juxtaposition of these drama 
tically different faunas suggests again that the lake was 
subject to periodic marine incursions, most likely occurring 
during extreme storm events. However no sedimentological 
evidence of such a storm event is present at this horizon. 

H.W. Josenhans et al. 

3. Shelfforaminiferal biofacies: 62-128 cm 

The shelly sands found between 62 and 128 cm are 
characterized by an essentially modem high diversity, open 
shelf foraminiferal fauna. Typical species include Buccella 
frigida, Buliminella elegantissima. Cribroelphidium excava
tum. Elphidiella nitida. Epistominella vitrea. Gavelinopsis 
campanulata. Lobatula Jletcheri and numerous others. The 
lack of significant proportions of cold water indicator species 
such as Cassidulina reniforme and Cribroelphidium excava
tum as observed elsewhere in Late Wisconsinan cores 
indicate water salinities and temperatures were similar to 
those found in the area presently (Patterson, in press). Slight 
abrasion and breakage of some specimens in addition to the 
abundant shell debris indicates minor reworking. 
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4. Reworked Foraminiferal Biofacies: 0-50 cm 

This biofacies is characterized by small populations of highly 
abraded shelf foraminiferal populations in a winnowed sand. 
Although essentially the same species as identified in the 
shelf foraminiferal biofacies, the extremely poor condition of 
specimens clearly differentiate the faunas found in this 
biofacies. 

Provenance of selected samples 

The sand and gravel fractions of subsamples of cores 18,21, 
and 23 (Fig. 5) were examined with a binocular microscope 
in an attempt to determine possible source terranes for the 
cored sequences. The assumptions are that, if the sediments 
had an easterly source, they would reflect the lithologies 
found in the predominantly granitoid and high grade 
metamorphic bedrock of the Coast Mountains. If the 
sediments were derived from the Queen Charlotte Islands, the 
sediments should reflect the predominantly volcanic and 
sedimentary nature of the terrane. Preliminary descriptions 
and tentative interpretations are given below. 

Core 18 

The >.063 mm <2 mm (sand) fraction from 103-105 cm 
consists largely of quartz and feldspar grains, with 
subordinate hornblende and epidote. The more informative 
>2 mm fraction from the same interval consists mostly of 
dark, fine grained volcanic material or siltstone. One clast of 
dark green basalt has a strong textural resemblance to Upper 
Triassic Karmutsen basalts common on Queen Charlotte and 
Vancouver Islands. A small percentage of the clasts are 
hornblende-rich granitoid rocks. Several clasts are composed 
of fresh-looking, vesicular basalt, probably Miocene or 
younger. 

The predominance of volcanic and sedimentary rocks in 
the lithic clasts strongly suggests that the sediments were 
derived from units now exposed on the Queen Charlotte 
Islands. The source of the the vesicular basalt is unknown; 
such rocks are rare on the Queen Charlotte Islands. 

Core 21 

Only a small amount of sample is present in the >2 mm 
fraction from 169-171 cm. The few large grains are dark, fine 
grained volcanics or siltstones. The sand fraction from 
277 -279 cm in the core consists largely of quartz and feldspar 
with significant hornblende and biotite and lesser other 
minerals, notably epidote. 

The fact that the few large lithic clasts are volcanic or 
sediments, and the absence of granitoid material argues 
against a coast mountain origin for these sediments. 

Core 23 

The >2 mm fraction from 129-131 cm contains several 
conspicuous black, very fine grained, angular clasts that 
resemble hornfelsed siltstone. Most lithic clasts are grey, 
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unfoliated, hornblende>biotite tonalite or granodiorite. One 
large clast appears to be grey-green, andesite volcanic rock. 
The >.063 mm <2 mm fraction from the same interval is 
composed of feldspar with subordinate quartz, hornblende, 
epidote and other minerals. Lithic clasts consist of fine 
grained siltstone or hornfels similar to that in the coarse 
fraction. Some sugary aggregates of diopside(?) may have 
been derived from contact metamorphosed carbonate rocks. 

The abundant tonalite could have been derived from either 
the Coast Mountains or the Queen Charlotte Islands. The 
absence of foliation suggests a Queen Charlotte source. Fine 
grained, dark sedimentary rocks are common on the Queen 
Charlotte Islands and rare in the Coast Mountains. The 
diopsidic clasts probably represent metamorphosed 
carbonate rocks; these are found more commonly on the 
Queen Charlottes but are not diagnostic. 

The examined sediments were probably derived from 
Mesozoic units now exposed on the Queen Charlotte Islands; 
nothing strongly points to an easterly source. 

Erosional event 

Two mechanisms for eroding this regional unconformity 
which has dissected the basin fill deposit are proposed: 

1. The transgression may have had sufficient erosive power 
to produce the incised relief and remove the large volumes 
of basin fill sediment; and 

2. A glacier originating from southern Moresby Island may 
have advanced over the basin fill sediments and eroded 
and transported the material. A subsequent transgression 
could then have modified the existing erosional surface to 
produce the coarse sand and gravel veneer. 

A lack of (observed) glacial till below the transgressive 
sands argues in favour of mechanism #1. However, a 
surprising lack of transgressive and younger basin fill sedi
ments within the enclosed and incised basins has resulted 
from the transgression which argues in favour of mechan
ism #2. Detailed analysis of the core samples to define 
environments of deposition, provenance, age and degree of 
compaction are needed to constrain further interpretations. 

Implications for paleo-sealevels. 

The prograding spit deposit investigated on the eastern 
margin of Middle Bank clearly indicates that sea level must 
have fallen to -110m in order to deposit the clean sands and 
gravels which make up the paleoshoreline feature. We infer 
that sealevels must have stabilized at this elevation, at least 
locally for an extended period (1-2 ka) to produce the 
observed geomorphic features and the volumes of sediment 
contained therein. 

The lacustrine deposits sampled at a depth of 170 m from 
the western margin of the continental shelf indicate that 
sealevel had fallen to at least -170 m. The lake sediments are 
up to 30 m thick which implies that a lake existed at these 
sites for an extended period of time (several hundreds of years 
at least). 



The proglacial basin fill site with lacustrine deposits at 
170 m is approximately 50 km west of the prograde spit 
which was deposited near sealevel at -110 m. A minimum 
tilt of paleoshorelines of 60 m over a horizontal distance of 
50 km is indicated. 

Additional work is required to define the lower limit of 
lacustrine conditions and to define the lateral extent and depth 
of the basin into which the proglacial lake sediments were 
deposited. 
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Tertiary volcanic and subvolcanic rocks of 
central Moresby and Talunkwan islands, 
Queen Charlotte Islands, British Columbia 
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islands, Queen Charlotte Islands, British Columbia; in Current Research, Part A; Geological 
Survey of Canada, Paper 93-1A, p. 129-137. 

Abstract: Five areas of Tertiary volcanic and subvolcanic rocks were examined on central Moresby and 
Talunkwan islands. Each area includes basic and felsic phases ranging in composition from quartz-phyric 
rhyolite through andesite to basalt and diabase. However, the stratigraphy and crosscutting relationships 
are unique to each area and reveal no evidence of a regional paragenetic sequence. In four of the areas the 
eruptive rocks are associated with dyke swarms and/or sheeted intrusions comprising composite dyke 
complexes more than a kilometre wide and several kilometres long. Deformation of the Tertiary succession 
is limited to tilting, normal faulting, and local warping into open upright folds. No evidence of compressive 
folding or thrusting was observed in the areas examined. 

Resume: On a examine dans Ia partie centrale des lies Moresby et Talunkwan cinq regions de roches 
volcaniques et subvolcaniques d'age tertiaire. Chaque region contient des phases basiques et felsiques dont 
la composition passe de celie d'une rhyolite a gros cristaux de quartz, it celie d'une andesite puis a celie d'un 
basalte et d'une diabase. Cependant, les relations entre la stratigraphie et les contacts discordants sont uniques 
a chaque region et n'indiquent la presence d'aucune sequence paragenetique regionale. Dans quatre des 
secteurs, les roches eruptives sont associees a des essaims de dykes ou a des intrusions stratiformes 
comprenant des complexes de dykes composites de plus d'un kilometre de large et de plusieurs kilometres 
de long. La deformation de la succession du Tertiaire se limite a son basculement, a la formation de failles 
nOlmales, et a des deformations en plis droits ouverts a I'echelle regionale. On n'a observe aucun indice de 
plissements par compression ou de chevauchements dans les secteurs examines. 
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INTRODUCTION 

Tertiary volcanic rocks underlie extensive areas on Graham 
Island (Hickson, 1991) in the northern Queen Charlotte 
Islands and similar strata are preserved as smaller remnants 
on Moresby and adjacent islands as far south as Ramsay 
Island (Fig. I). In his pioneering work on the geology of the 
Queen Charlotte Islands, Sutherland Brown (1968) assigned 
all of these rocks to the Masset Formation, within which he 
recognized three distinct facies. The Tartu facies, which is 
restricted to Graham Island, was described as columnar basalt 
flows and rhyolitic ash flows. The Kootenay facies, which 
outcrops on west-central Moresby Island, was described as 
dominantly acid volcanics, while the Dana facies of east
central Moresby and adjacent islands was described as a 
complex area of mixed acid and basic intrusive and extrusive 
rocks. Three of the areas examined during the present study 
(Mount Russ, Kootenay North, and Takakia Lake) are located 
within Sutherland Brown's Kootenay facies and two 
(Redtop Mountain and Talunkwan Island) are in the Dana 
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Figure 1. Index map showing the distribution of Tertiary 
volcanic rocks in the Queen Charlotte Islands (patterned area) 
and the locations of areas described in this report. 

130 

facies. The Tertiary volcanic rocks on Lyell Island, also part 
of the Dana facies, were described in an earlier report 
(Souther, 1992). 

KOOTENAY NORTH 

The Tertiary succession north of Kootenay Inlet includes both 
basalt and rhyolite facies, comprising at least 600 m of 
volcanic flows and pyroclastic rocks associated with basic 
and felsic intrusive bodies (Fig. 2). An east-northeast
trending fault separates predominantly rhyolitic rocks on the 
south from predominantly basaltic rocks on the north. 

The gently north-dipping to nearly flat-lying basaltic 
rocks north of the fault (Fig. 2) can be subdivided into a thick 
lower pile of pyroclastic rocks (KN-l) and an overlying 
succession of mainly basalt flows (KN-2). The pyroclastic 
pile is at least 300 m thick and consists mainly of thick-bedded 
basaltic breccias interlayered with a lesser volume of lapilli 
tuff and irregular flows. The breccias comprise angular to 
subrounded basaltic clasts randomly supported in a matrix of 
fine basaltic fragments and secondary alteration products. 
Most of the clasts are less than 10 cm across but a few are up 
to half a metre across. Individual beds are several tens of 
metres thick and a crude subhorizontal orientation of 
elongated clasts is the only internal expression of layering. 
Coarse- and fine-grained phases grade from one to another 
without any clear expression of bedding surfaces. All of the 
basalt clasts and associated flows in unit KN-1 are very fine 
grained to aphanitic. Most of them are aphyric or contain 
sparse 1 to 2 mm plagioclase phenocrysts. Quartz-epidote 
amygdules are locally abundant and these, plus the feldspar 
phenocrysts, weather out to give the deep brown weathered 
surface a rough, hackly texture. 

The large proportion of pyroclastic rocks relative to flows 
in unit KN-1 suggests a proximal volcanic environment. 
However, no bombs or primary scoria deposits were 
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Figure 2. Sketch map of the Kootenay North area. For 
location see Figure 1. 



observed. Instead the breccias have many features of 
subaqueous deposits. Pillows were seen at one locality and a 
50-foot-thick succession of finely laminated tuff and 
carbonaceous silt are interlayered with the breccia at another. 
These are probably products of a lacustrine rather than a 
marine volcanic environment. 

The basalt flows of unit KN-2 overlie the breccia 
succession conformably. Individual flows are 2 to 10m thick 
with fairly well defined contacts. Columns are well developed 
locally but most of the flows have crude rectangular jointing 
normal to the contacts. The rock is medium grey, very fine 
grained, aphyric basalt. 

The volcanic succession south of the fault includes both 
rhyolite (units KN-3, 4) and basalt (unit KN-5). The 
northeastern portion of the rhyolite complex consists of 
massive, finely flow-layered, aphyric rhyolite (unit KN-3) 
(Fig. 3) which exhibits the type of random, highly contorted 
flow folds and annealed fractures characteristic of large 
exogenous domes or very thick flows. The massive rhyolite 
of unit KN-3 grades southwesterly into rhyolite breccia 

Figure 3. Flow layered rhyolite near the base of unit KN-3 
(Fig. 2). 

Figure 4. Rhyolite breccia from unit KN-4 (Fig. 2). 
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(unit KN-4) which is probably related to autobreccia- tion of 
the solidifying outer margins of the dome. The clasts are 
angular and mostly less than 20 cm across but clasts up to half 
a metre are present locally (Fig. 4). Many of the larger clasts 
exhibit the same fine flow-lamination that characterizes the 
massive rhyolite of unit KN-3 from which they were 
undoubtedly derived. The southern edge of the rhyolite 
complex is underlain by mafic flows of unknown age. 

The northeast end of the rhyolite complex is overlain by 
steeply northeast-dipping basalt flows (unit KN-5). The basal 
flow of this unit is more than 15 m thick and its contact with 
the underlying rhyolite is sharp, displaying a well developed 
colonnade normal to the rhyolite surface. Overlying flows are 
thinner and have poorly developed rectangular cross
jointing. Like the basalt north of the fault all of these rocks 
are aphyric and very fine grained. The flows exhibit a steeper 
dip than those exposed north of the fault. The nearly vertical 
orientation of dykes both north and south of the fault suggests 
that tilting in itself cannot account for this difference. It seems 
likely, rather, that the flows of unit KN-5 issued from a nearby 
vent on the rhyolite dome and that their present attitude is due 
largely to steep initial dips on the steeply sloping surface of 
the underlying dome. 

Subvolcanic intrusions are abundant throughout the 
Kootenay North area and are believed to be feeders for several 
local vents. White-weathering aphanitic rhyolite forms 
subvertical, east-northeast-trending tabular bodies that pinch 
and swell from 3 to more than 60 m thick. They are 
lithologically similar to the flow layered rhyolite of un it KN-4 
and are probably part of the plumbing system related to the 
extrusive dome. Basalt dykes up to 15 m thick (Fig. 5) are 
present throughout the area but are best developed north of 
the fault. Most of them are part of an east-northeast (070°) 
swarm. Several dykes coalesce in the vicinity of the three 
major peaks in the area suggesting that these topographically 
high points may be erosional remnants of composite 
volcanoes from which the adjacent flows originated. 

Figure 5. A 15 m basalt dyke cutting basalt flows and breccia 
of unit KN-1 (Fig. 2). 
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TAKA KIA LAKE 

Sutherland Brown (1968) identified the Takakia Lake area as 
a major centre of Tertiary igneous activity and his map shows 
the complex relationship between faults and hypabyssal 
equivalents of the Masset Formation. The present work is in 
substantial agreement with Sutherland Brown's observations 
(Fig. 6). Medium grained diorite, which forms massive out
crops on benchlands along the east side of Takakia Lake 
intrudes flaggy, rusty-weathering argillite of the Triassici 
Jurassic Kunga Group. The contact, which is well exposed at 
several places, is generally concordant with the bedding and 
has moderate dips of less than 300

; however, crosscutting 
relationships were also observed locally. Argillite adjacent to 
the contact has been baked to a hard, rusty-weathering 
hornfels but the adjacent massive diorite exhibits no apparent 
change in texture or alteration. Indeed the medium grained 
~~sive diorite is remarkably uniform in texture and compo~ 
sItlOn throughout the entire body. The only obvious internal 
structure is a random but pervasive network of quartz
feldspar-epidote vein lets which are probably of late stage 
deuteric origin. Widely spaced subhorizontal jointing gives 
the rock a crudely layered aspect; these surfaces are not asso
ciated with any alteration, however, and are probably second
ary (unloading) joints rather than primary igneous features. 

Co~se grained diorite is exposed on the ridge north of 
Takakla Lake where it is in both intrusive and fault contact 
with Kunga Group sediments. Amygdaloidal basalt breccia 
which forms .small areas along the top of the ridge, als~ 
appears to be mtruded by the diorite. 

The ridge south of Takaki a Lake is a complex of intrusive 
and extrusive ~ertiary basaltic rocks which are spatially, and 
probably genetically, related to a zone of northeast-trending 

~ Basalt. volcanic breccia. flows 
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Kunga Group, undivided sediments 

Figure 6. Sketch map of the Takakia Lake area. For location 
see Figure 1. 
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vertical faults. At the base of the succession, near the south 
end of Takakia Lake, massive basalt forms a succession of 
subhorizontal benches that resemble thick flows. However, 
the absence of columns or intraflow breccia suggests that 
these rocks are part of a subvolcanic intrusion with widely 
spaced, subhorizontal jointing similar to the body on the east 
side of the lake. Locally the massive lower basalt is cut by 
nearly vertical, nOI1heast-trending dykes, faults, and slices of 
hornfelsed Kunga group sediments. The latter include both 
fault-bounded slices and inclusions up to several tens of metres 
across within the larger intrusive bodies (Fig. 7). Adjacent 
inclusions show clear evidence of relative rotation and must have 
been dragged a considerable distance by the rising magma. Thick 
tabular intrusions containing sedimentary inclusions occur up to 
the crest ofthe ridge at an elevation of 800 m. The lowest clearly 
extrusive volcanic breccia, followed by thick lava flows, occurs 
slightly higher, suggesting that only the uppermost part of the 
ridge is volcanic. 

Basic and felsic dykes cut all of the Tertiary intrusions and 
adjacent country rock. The basic dykes comprise very fine 
grained, aphyric basalt. They are commonly from 1-3 m thick, 
have north-northwest trends, and dip from 60-90° suggesting 
that there has been considerable post-emplacement tilting. 
The felsic dykes are fine grained, white-weathering rhyolite. 
They range from I m to more than 10m thick and individual 
dykes can be traced along their northwesterly trends for more 
than 1 km. No extrusive equivalent of the felsic dykes was 
found in the Takakia Lake area. 

The foregoing observations suggest that the Takakia Lake 
area was a locus of Tertiary magmatism where large 
successive volumes of basaltic magma rose into a northeast
trending zone of extension. The structure of the subvolcanic 
intrusions was controlled on the one hand by the extensional 
tectonic environment, giving rise to vertical tabular bodies, 
and by the structural anisotropy of the Kunga argillite which 
favoured the lateral injection of magma along bedding planes 
to form thick concordant sills and laccolith-like intrusions. 

Figure 7. Large inclusion of Triassic(?) Kunga Group 
sediments in Tertiary basalt intrusion south of Takakia Lake. 
Vertical, ~heeted basalt dykes form all but the uppermost part 
of peak III background. The peak itself is a mix of basaltic 
flows, breccia, and dykes. 



MOUNT RUSS AREA 

Mount Russ (elevation 860 m) is the highest point within a 
large area of undivided Masset volcanics which, on the 
regional map of the Queen Charlotte Islands (Sutherland 
Brown, 1968), are shown extending down to sea level on the 
west coast of Moresby Island. The succession dips gently 
toward the northwest and is at least 500 m thick. During the 
present study only the upper 150 m of section, the portion 
exposed above timberline, was examined (Fig. 8). There, the 
volcanic rocks comprise four distinct stratigraphic units and 
are underlain by several hundred metres of clastic sediments 
which are also believed to be part of the Tertiary succession. 

The sediments, which are exposed over a broad area 
southeast of Mount Russ, form a well-stratified succession of 
thick sandstone and conglomerate beds that appear to lie 
conformably under the adjacentpile of Mas set volcanic rocks. 
The succession is not folded and dips are uniformly about 15 0 

toward the northwest. The outcrops visited during this study 
are predominantly coarse grained cross-stratified sandstone, 
in 1 to 3 m thick beds (Fig. 9). Well rounded pebbles from 
2 to 6 cm across occur as isolated, randomly distributed clasts 
within the sands, in interbeds from 5 or 10 cm thick (Fig. 10), 
as well as in framework-supported conglomerate beds up to 
1 m thick. The pebbles comprise a high proportion of white 
quartz and a variety of other lithologies, including fine 
grained diorite, and metasedimentary and metavolcanic 
rocks, which could have been derived from Yakoun or older 
Mesozoic rocks. Although originally mapped as Cretaceous 
Honna Formation (Sutherland Brown, 1968), the apparently 
conformable relationship between the sediments and the 
adjacent volcanic pile, as well as the lithological similarity 
between these sediments and Tertiary sediments described in 
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Figure 8. Sketch map of the Mount Russ area. For location 
see Figure 1. 
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a similar stratigraphic position on Mount Stapleton by 
Haggart et al. (1990), suggest that these rocks are part of the 
Tertiary succession. 

The Tertiary volcanic rocks of Mount Russ area are divided 
into two distinct facies by a prominent west-northwest-trending 
lineament along the ridge southwest of Mount Russ (Fig. 8). 
South of the lineament rhyolite flows and pyroclastic rocks (units 
2,3,4) predominate - indeed the only basaltic rock seen south 
of this lineament is a single two-foot-thick dyke. In contrast, 
rocks north of the lineament (unit 1) comprise basaltic breccia, 
mixed breccia containing basalt and minor rhyolite clasts, and 
extensive outcrops and cliffs of massive, fine grained, aphyric 
basalt. The trace of the lineament is extremely straight, 
suggesting that it is a vertical structure and not a stratigraphic 
contact within or overlying the gently northwest-dipping 
rhyolite succession. Basaltic rocks north of the lineament are cut 
in several places by northeast-trending rhyolite dykes up to 10m 
thick. At one point along the lineament, the rhyolite is in contact 
with a large exposure (Fig. 11) of epiclastic breccia comprising 
randomly stacked, subrounded boulders of basalt up to 1.5 m 
across. 

Figure 9. Cross-stratification in coarse Tertiary sandstone 
near the base of the Mount Russ volcanic succession. 

Figure 10. Massive bed of coarse Tertiary sandstone near 
the base of the Mount Russ volcanic succession. Well 
rounded pebbles are mostly white quartz. 
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The lower part of the rhyolitic pile (unit 2, Fig. 8) consists 
almost entirely of very coarse proximal rhyolite breccia and 
thick rhyolite flows with well developed flow layering. The 
latter commonly displays convoluted flow folds with 
apparently random orientations. The unit is characterized by 
extensive fracturing and rusty weathering, which suggest a 
relatively high degree of hydrothermal alteration. 

Unit 2 is overlain conformably by about 200 m of well bedded 
rhyolite tuff and tuff-breccia (unit 3), interlayered with a few 
spherulitic rhyolite flows (Fig. 12). Tuffbeds are commonly 2 to 
10m thick and have persistent intemallayering due to crude sOlting 
of clasts ranging in size from fine grit and lapilli to angular, fracture
bounded granules of white rhyolite from 2 to 15 cm across. Many 
of the clasts are flat, about 1 cm thick, and were probably derived 
fi'om mechanical disintegration offlow-Iayered rhyolite. Locally, 
angular clasts offlow-Iayered rhyolite up to a half metre across are 
randomly suspended within the thin-bedded, fme grained tuff 
sequences (Fig. 13). Individual tuff layers commonly display 
normal and reverse grading. They are believed to be subaerial tuffs 
deposited on a steeply inclined surface at or near the angle of 

Figure 11. Basaltic epiclastic breccia located near the east 
end of the Mount Russ lineament (Fig. 8). This east-trending 
lineament, which separates basaltic rocks on the north from 
rhyolitic rocks on the south, may be a synvolcanic fault scarp. 

Figure 12. View looking south at west-dipping beds of tuff 
(unit 3, Fig. 8) south of Mount Russ. 
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repose. Many of the anomalously large clasts within the tuffs 
were probably thrown or rol1ed onto the slope during periodic 
bursts of explosive activity. 

The bedded tuffis overlain conformably by a succession of thick 
rhyolite flows, and flow breccia (unit 4). The flows commonly com
prise vmying proportions of massive rhyolite with convoluted flow 
layering at the base (Fig. 14), a core of spherulitic rhyolite with 
closely spaced bands of Iithophysae (Fig. 15), and an upper zone 
of blocky flow breccia comprising variously deformed and bent 
interlocking rectangular blocks offlow layered rhyolite (Fig. 16). 

Dips up to 200 in the well bedded tuff succession are probably 
to a large extent primary. However, some tilting has occurred 
and minor flexuring has produced local upright folds in the thick 
flows and breccias in unit 4 (Fig. 17). The west-northwest linear 
feature that separates basaltic rocks on the Mount Russ ridge 
from the rhyolitic complex farther south appears to run across 
the topography like a fault rather than a stratigraphic contact. 
Although the nature of this lineament is still unresolved, its 
association with basaltic epiclastic deposits suggests that it may 
be the trace of a synvo\canic fault scarp - either a graben bound my 
or a caldera margin - against which the rhyolitic assemblage was 
ponded. 

Figure 13. Ballistic block of flow-banded rhyolite suspended 
in fine grained, thin-bedded tuff of unit 3 (Fig. 8). 

Figure 14. Flow layered rhyolite at the base of a thick flow 
south of Mount Russ (unit 4, Fig. 8). 



Figure 15. Large, drusy lithophysae in the central part of a 
thick rhyolite flow south of Mount Russ (unit 4, Fig. 8) . 

Figure 16. Rhyolite flow-top breccia comprising interlocking 
and plastically deformed blocks of flow-banded rhyolite in the 
upper part of a thick flow south of Mount Russ (unit 4, Fig. 8) . 

Figure 17. Fold in thick rhyolite flows south of Mount Russ 
(unit 4, Fig. 8). 
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REDTOP MOUNTAIN 

Redtop Mountain fonns a prominent, conical peak near the 
centre of a large area of undivided Masset Fonnation on 
northeastern Moresby Island (Fig. \8). The peak itself 
(Fig. 19) consists mostly of fine- to medium-grained aphyric 
andesite, a lesser amount of fine grained aphyric basalt, and 
a small proportion of quartz-feldspar-phyric rhyolite. All of 
these rocks occur as north-northeast-trending vertical dykes 
which together fonn a composite sheeted intrusion at least 
2.5 km across. Individual dykes are from 1 m to more than 
10m thick and their orientation is remarkably consistent 
(015°). Indeed, the trace of the swann is clearly visible as fine, 
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Figure 18. Sketch map of the Redtop Mountain area. For 
location see Figure 1. 

Figure 19. View looking west to Redtop Mountain. The 
summit and all of the ridge visible to the left of the summit 
consist of vertical intrusions which form a sheeted dyke 
complex at least 1.5 km wide. 
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perfectly straight parallel lines on air photos. The complex is 
exposed for a length of about 7 km and extends an unknown 
distance into heavily forested terrane beyond the mapped 
area. 

The internal structure of the swarm suggests a complex 
history of emplacement. In the central part, dykes are in 
mutual contact and basalt is commonly the youngest phase. 
However, basalt dykes are locally cut by, and form fragments 
within, rhyolite dykes. 

Near the eastern edge of the swarm the dykes enclose 
isolated screens of felsic volcanic breccia, while a thick 
succession of similar breccia, interlayered with flow-banded 
rhyolite flows, forms the ridges farther east. The extrusive 
rocks consist entirely of rhyolite, comprising thin bedded tuff 
with prominent laminar bedding, thick beds of breccia 
containing angular clasts up to half a metre across, and banded 
rhyolite flows and flow-breccia with convoluted flow folds. 
The volcanic rocks are cut by widely spaced, 2 to 10m thick 
basalt dykes which parallel the north-northeasterly trend of 
the adjacent sheeted complex. 

The above relationships suggest that Redtop Mountain 
lies on the axis of a north-northeast-trending zone of Tertiary 
extension which served as a conduit for the successive 
intrusion of andesitic, basaltic, and rhyolitic magmas which 
erupted to form the thick piles of Masset volcanic rocks now 
exposed on northern Moresby Island. The orientation of the 
Redtop Mountain swarm is similar to that of the Tasu Inlet 
swarm and both contain a high proportion of basaltic dykes 
(Souther and Jessop, 1991). This is in contrast with the 
easterly trend of predominantly andesitic dykes in the 
adjacent Selwyn Inlet-Talunkwan swarm. The Redtop and 
Tasu swarms are probably related to the same regional stress 
field, and by inference, to the same episode of Tertiary 
igneous activity. 

TALUN~ANISLAND 

A cursory examination of Tertiary volcanic rocks on western 
Talunkwan Island (Fig. 20) reveals significant differences 
between that pile and the nearby Tertiary succession on 
Redtop Mountain. The Talunkwan section is at least 600 m 
thick and consists primarily of andesite flows and breccias 
interlayered Ioc~H1y with thin-bedded tuff. Although many of 
the rocks weather to light shades of grey, green, and brick red, 
freshly broken surfaces are commonly very dark green to 
black, suggesting a relatively basic composition. Clasts in the 
breccias are angular to subrounded and range in size from 
lapil1i up to haifa metre across. The majority are aphyric but 
1 to 2 mm phenocrysts of white feldspar are abundant in some 
of the andesite clasts. The same lithologies are present in the 
interlayered flows. These are commonly highly fractured and 
lack any systematic joint pattern. Many are amygdaloidal 
with elliptical vesicles filled with quartz and carbonate. 

The Talunkwan pile is cut by a profusion of andesite, 
basalt and, less commonly, felsic dykes with east-northeast 
trends. Most of the rocks, including many of the dykes, are 
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Figure 20. Sketch map showing the orientation of dykes on 
Talunkwan Island. For location see Figure 1. 

highly fractured and veined with stockworks of quartz and 
carbonate. Despite this pervasive fracturing, the pile as a 
whole does not appear to have been significantly deformed or 
offset by major faults. Instead, the fracturing and veining 
appear to be the result of synvo\canic deformation related to 
intrusion and other internal forces associated with the 
construction of a large, subaerial volcanic edifice. In the area 
studied the attitude of bedded tuffs is remarkably consistent 
(northerly dips of 5-15°) and the dykes, though commonly 
fractured, are predominantly vertical. All of the pyroclastic 
rocks examined on Talunkwan Island are of subaerial origin. 
This is in marked contrast with the Lyell Island pile farther 
south (Souther, 1992) where subaqueous breccias 
predominate. 

DISCUSSION 

The Tertiary volcanic and associated hypabyssal rocks of 
central Moresby and Talunkwan islands display a wide range 
of compositions, from quartz-phyric rhyolite through 
andesite to basalt and diabase. Several of the piles are 
bimodal. However, no consistent temporal relationship 
between basic and felsic volcanism was established. Indeed 
the crosscutting relationships of intrusions and superposition 
of eruptive rocks at Kootenay North, Redtop Mountain, and 
Talunkwan Island suggest that repeated shifts from basic to 
felsic magmatism were the rule. 



Four of the volcanic centres examined (Kootenay North, 
Redtop Mountain, Takakia Lake, and Talunkwan Island) are 
associated with dyke swarms or subvolcanic intrusions. In the 
case of Redtop Mountain and Takakia Lake, the intrusions 
comprise sheeted dyke complexes a kilometre or more wide, 
whereas dykes in the other areas are separated by screens of 
Tertiary volcanic or pre-Tertiary rock. The orientation of 
these intrusions is remarkably consistent internally but varies 
from area to area, suggesting that the stress fields controlling 
extension and dyke emplacement were of relatively local 
extent. 

Little evidence of posteruption deformation was seen in 
any of the Tertiary piles examined. Nonnal faults in the 
Kootenay North and Russ Mountain areas could be the result 
of synvolcanic deformation related to extension or caldera 
formation. Similarly, the inclination of beds in the Russ 
Mountain and Redtop Mountain areas is probably due in part 
to high initial dips. Some posteruption tilting and warping of 
the Tertiary succession has undoubtedly occurred. 

The great thickness and close proximity of Tertiary 
volcanic rocks on Lyell Island, Talunkwan Island, and Redtop 
Mountain suggest that they were originally part of a 
contiguous volcanic complex comprising the overlapping 
piles of ejecta from several discrete centres. The position of 
this complex is roughly coincident with the intersection of 
north-north east-trending dykes of the Tasu Sound-Redtop 
Mountain swarm and east-trending dykes of the Selwyn 
Inlet-Talunkwan Island swarm (Souther and Jessop, 1991). 
Volcanism in the Redtop-Talunkwan region was primarily 
subaerial whereas farther south, on Lyell Island, the presence 
of subaqueous breccias (Souther, 1992) suggests that the 
southern edge of the volcanic complex encroached on the sea. 

J.G. Souther 
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Stratigraphy and sedimentology of the Upper 
Jurassic to Lower Cretaceous Longarm Formation, 
Queen Charlotte Islands, British Columbia 
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Gamba, CA., 1993: Stratigraphy and sedimentology of the Upper Jurassic to Lower Cretaceous 
Longarm Formation, Queen Charlotte Islands, British Columbia; in Current Research, Part A; 
Geological Survey of Canada, Paper 93-1A, p. 139-148. 

Abstract: Three packages are recognized within the Upper Jurassic to Lower Cretaceous Longann 
Fonnation as presently defined. Package A comprises Upper Oxfordian to Tithonian gravelly fan delta 
deposits emplaced along the eastern margin of a small fault-bounded forearc basin. Upper Valanginian to 
Hauterivian package B comprises three progradational coarsening-upward muddy offshore to sandy shore
face sequences deposited during three relative sea-level falls or stillstands within a greatly enlarged forearc 
basin. Hauterivian to Aptian package C comprises a single retrogradational sandy shoreface to deep basinal 
fining-upward sequence deposited during a prolonged period of relative sea-level rise. The inferred 
northwest-southeast paleoshoreline trend derived from each package parallels the orientation of most Late 
Mesozoic faults exposed on the islands. Enlargement of the basin throughout Late Jurassic to mid
Cretaceous time tracked the progressive eastward migration ofm<loomatism within the adjacent magmatic arc. 

Resume: On a identifie trois ensembles (du Jurassique superieur au Cretace inferieur) dans la Fonnation 
de Longann, telle que presentement detinie. L'ensemble A englobe des sediments graveleux de cone de 
dejection (de l'Oxfordien superieur au Tithonique) qui se sont accumules sur la marge orientale d'un petit 
bassin d'avant-arc limite par des failles. L'ensemble B (du Valanginien superieur au Hauterivien) englobe 
trois sequences negatives progradantes, des types extracotier boueux a infratidal sableux, mises en place au 
cours de trois abaissements ou stabilisations relatifs du niveau de la mer dans un bassin d'avant-arc fortement 
agrandi. L'ensemble C (du Hauterivian a I' Aptien) englobe une seule sequence positive regressive dans 
laquelle les sediments sableux de zone infratidale passent a des sediments profonds de bassin, ces sediments 
s'etant accumuJes pendant une periode prolongee de montee relative du niveau de la mer. L'ancienne ligne 
de rivage presumee, de direction nord-ouest sud-est, telle que deduite de I'examen de chaque ensemble, suit 
I'orientation de la pluPait des failles du MesozoYque tardif affleurant dans les lies. L'agrandissement du 
bassin pendant tout I'intervalle du Jurassique tardif au Cretace moyen a suivi la migration progressive vers 
I'est du magmatisme survenant a I'interieur de I'arc magmatique adjacent. 

I Department of Geology, McMaster University, 1280 Main Street West. Hamilton, Ontario L8S 4MI 
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INTRODUCTION 

Sutherland Brown (1968) introduced the name Longarm 
Formation for a succession of Late Valanginian to Barremian 
clastics and volcanics unconformably underlain by pre
Cretaceous strata and overlain by Albian strata of the Haida 
Formation (Table I). On the basis of new macrofossil collec
tions, Haggart (1989) tentatively expanded the Longarm 
Formation to include a succession of Tithonian strata exposed 
2.5 kin south of White Point on northwestern Graham Island 
and a succession of probable lower Aptian strata exposed a~ 
Dawson Cove in western Cumshewa Inlet (Fig. I). Haggart 
(1989) suggested that the Longarm Formation formed a 
450 m thick fining-upwards sequence from basal Tithonian 
con.glomer~te through upper Aptian mudstone deposited 
dunng a sIngle prolonged period of marine transgression. 
Haggart (1989) suggested that the Tithonian strata exposed at 
White Point may however reflect a separate cycle of deposi
tion independent of that represented by Longarm strata 
exposed elsewhere. Reconnaissance of Hauterivian to 
Barremian strata exposed on southern Moresby Island by 
Haggart and Gamba (1990) led to the recognition of six 
distinct lithofacies which formed a thick transgressive 
(retrogradational) fining-upward sequence unconformably 
underlain by pre-Cretaceous strata. 

Haggart (1991) suggested that a complete section of 
Hauterivian to Aptian Longarm strata exposed at Dawson 
Cove, western Cumshewa Inlet, were gradationally overlain 
by Lower Albian strata ofthe Haida Formation exposed to the 
east. As a result, Haggart (1991) proposed that both the 
~ongarm ~nd Haida formations were deposited during a 
SIngle manne transgression spanning Tithonian to Turonian 
time. Transgression resulted in the progressive eastward 
onlap of marine strata onto the margins of the basin 
throughout this period (Haggart, 1991: Fig. 8). Haggart 
(19~ I) also n~ted that, contrruy to Sutherland Brown (1968), 
no mterstratlfied volcanics occur within the Longarm 
Formation. 

Table 1. Previous and revised stratigraphy 
of the Longarm Formation 

Sutherland 
Brown (1968) 

Thompson et al. 
(1991) This paper 

Cenomanian HAIDA HAIDA HAIDA 
(/) Albian FORMATION FORMATION FORMATION 
:> . .... ........... .... ............. .. .... - ............................. 

0 Aptian ? ? ? z w 
() Barremian 

... . _ ... . -....... _ ........ _ ...... 0 C 

~ 
LONGARM 

~ Hauterivian cr: FORMATION LONGARM cr: r-------" ......... 

() Valanginian f2 B 

In" Berriasian FORMATION :E 

() Tithonian 
~ 

Cii 
(!) 

(/) 
z 

~ Kimmeridgian 0 A -l 

:> Oxfordian ...., I I II 1T 
noncontormable contact •.• .•.•.•.•.•.•.•.• contormable (?) contact 
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Gamba (1991) divided the Longarm strata exposed near 
White Point into three distinct lithofacies assemblages: a 
conglomerate assemblage and a mudstone assemblage both 
of Tithonian age, and a sandstone assemblage of Late 
Valanginian to Hauterivian age (Gamba, 1991: Fig. 2). 
Gamba (1991) noted that the contact between the Tithonian 
assemblages and the Upper Valanginian to Hauterivian 
assemblage was faulted. He also suggested that the Tithonian 
assemblages represented the deposits of a gravelly shelf-type 
fan delta emplaced within a fault-bounded basin, while the 
younger Late Valanginian to Hauterivian sandstone assem
blage represented two progradational shoreface sequences 
deposited during two episodes of relative sea-level fall or 
stillstand. It was concluded that, unlike Hauterivian to Aptian 
strata exposed elsewhere on the Charlottes, the Tithonian and 
Upper Valanginian to Hauterivian strata exposed near White 
Point did not reflect deposition under conditions of steadily 
rising sea level (Gamba, 1991). On the basis of new macro
fossil collections retrieved from these exposures, Haggart 
(1992) proposed a Late Oxfordian to Tithonian age for the 
conglomerate assemblage. Haggart (1992) suggested that the 
Upper Jurassic strata were gradationally overlain by the 
Upper Valanginian to Hauterivian strata, and that both were 
deposited within a regime of steadily rising sea level. 

- ___ SOON 

British 

N 

A 
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o 40 

km 

Figure 1. Location of measured sections. 



As presently defined by Thompson et al. (1991) and 
Haggart (1991), the Longarm FOimation is of Late Oxfordian 
to Aptian age, is unconformably underlain by pre-Late 
Jurassic strata and is gradationally overlain by Albian strata 
of the Haida Formation (Table 1). As a result of new field data 
collected during the 1989 through 1991 field seasons, enough 
sedimentological and biostratigraphic data now exist to 
attempt a stratigraphic analysis of the Longarm Formation. 
Such an analysis is necessary to: 1) account for the temporal 
gap contained within the Longarm Formation, 2) account for 
the diversity of depositional systems preserved within the 
Longarm Formation, and 3) to address the nature and 
significance of the contact between the Longarm and Haida 
formations. 

STRATIGRAPHY OF THE LONGARM 
FORMATION 

The Longarm Formation may be subdivided into three 
packages: a Late Oxfordian to Tithonian package A, a Late 
Valanginian to Hauterivian package B, and a Hauterivian to 
Aptian package C (Table 1). 

Package A 

Upper Jurassic strata exposed near White Point, northwest 
Graham Island, are assigned to package A. Arguments 
supporting this division are as follows. First, Upper 
Oxfordian to Tithonian strata and Upper Valanginian strata 
exposed here are not conformable and gradational as 
maintained by Haggart (1989, 1992), but are separated by a 
prominent fault (Gamba, 1991: Fig. 2). Second, Berriasian 
and Lower Valanginian strata linking the Upper Oxfordian
Tithonian strata to the overlying Upper Valanginian
Hauterivian strata are exposed neither at this location nor 
anywhere else on the Charlottes. The absence of such strata 
suggests that the Upper Jurassic and Lower Cretaceous strata 
may be separated by a nondepositional and possibly even 
erosional hiatus. Alternatively, as suggested by lW. Haggart 
(pers. comm., 1992), strata of this age are poorly represented 
within western British Columbia. Third, Upper Jurassic strata 
exposed near White Point represent the deposits of a gravelly 
shelf-type fan delta emplaced adjacent to a fault-controlled 
margin (Gamba, 1991). Lower Cretaceous deposits of the 
Longarm Formation exposed elsewhere represent high
energy sandy shoreface to submarine fan deposits emplaced 
within a much expanded Cretaceous basin (Haggart and 
Gamba, 1990; Gamba, 1991). The two depositional systems, 
which are of completely different character, are neither 
temporally nor spatially linked. 

Package A therefore comprises 310m of Upper Oxfordian 
to Tithonian conglomerate and mudstone. The package is 
probably nonconformably underlain by Middle to Upper 
Jurassic volcanics, and is probably unconformably overlain 
by Upper Valanginian to Hauterivian strata of package B 
(Table 1). 

CA Gamba 

PackageB 

Upper Valanginian to Hauterivian strata of the Longarm 
Formation are exposed near White Point on northwestern 
Graham Island and at Tana Point and Skidegate Narrows on 
southern Graham Island. At Tana Point, poorly exposed 
Upper Valanginian strata apparently overlie volcanics and 
interstratified clastics of the Middle Jurassic Yakoun Group 
(Sutherland Brown, 1968; Haggart, 1992). At Skidegate 
Narrows, poorly exposed Upper Valanginian strata are in 
close proximity to Lower and Middle Jurassic strata (Haggart 
et aI., 1989). 

The strata exposed at these locations are assigned to 
package B. Arguments supporting this division are as follows. 
First, Upper Valanginian to Hauterivian strata are probably 
nonconformably underlain by the Upper Jurassic deposits of 
package A. Second, Upper Valanginian strata are confined to 
Graham Island, and are not exposed south of Skidegate 
Narrows. Within the southern archipelago the oldest Longarm 
strata are of Hauterivian age and are unconformably underlain 
by pre-Cretaceous strata (Haggart and Gamba, 1990). 
Deposition of the Upper Valanginian part of package B was 
therefore confined to the Graham Island area. Third, Upper 
Valanginian to Hauterivian strata exposed near White Point 
consist of three progradational shallow marine sequences 
(Gamba, 1991). In contrast, Hauterivian to Aptian Longarm 
strata exposed elsewhere form a single, retrogradational 
sequence (Haggart and Gamba, 1990). 

The nature of the upper boundary of package B with 
Hauterivian to Aptian strata of package C is unknown. In the 
southern islands, basal Hauterivian strata of package C consist 
of a conglomeratic transgressive lag which unconformably 
overlies pre-Cretaceous strata. It is possible that a similar 
transgressive lag overlies the uppermost progradational 
sequence within package B. Basal Hauterivian strata of 
package C exposed to the south may also be younger than 
Hauterivian strata of package B exposed to the north. The 
poor resolution of the Early Cretaceous biostratigraphic 
framework however precludes the differentiation of Lower 
and Upper Hauterivian strata. Finally, it is equally possible 
that Hauterivian strata of package B are transitional south
wards into those of package C. 

Package B therefore comprises 212 m of Upper Valanginian 
to Hauterivian mudstone and sandstone which are probably 
unconformably underlain by Upper Jurassic strata of package 
A and are overlain either nonconformably or gradationally by 
Hauterivian to Aptian strata of package C (Table I). 

PackageC 

Hauterivian to Aptian strata ofthe Longarm are exposed at 
various locations on southern Graham Island and Moresby 
Island (Haggart and Gamba, 1990). These strata are assigned 
to package C. The evidence in favour of this division were 
addressed above. 

Package C therefore comprises a 215 m thick fining
upward sequence of Hauterivian to Aptian sandstone and 
mudstone which is unconformably underlain by pre-Cretaceous 
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strata in the southern islands and either nonconformably or 
gradationally underlain by Lower Valanginian to Hauterivian 
strata of package B in southern Graham Island (Table I). 
Based upon the stratigraphic relations exposed in the Dawson 
Cove area of western Cumshewa Inlet, Haggmt (1991) sug
gested that the Longarm Formation was gradationally overlain 
the Haida Formation. Although the actual contact between 
Aptian strata of the Longarm Formation and Albian strata of 
the Haida Formation is not exposed on the islands, several 
features indicate that it is nonconformable. First, the lower
most strata of the Haida Formation exposed on southern 
Graham and northern Moresby Island, including those 
exposed at Dawson Cove, are of late Early Albian age 

(Brewericeras hulenense zone) (Sutherland Brown, 1968; 
McLearn, 1972; Haggart, 1986). Lowermost Albian Haida 
strata are exposed only at Beresford Bay on northwestern 
Graham Island, where they are apparently unconformably 
underlain by Middle Jurassic volcanics of the Yakoun Group 
(Hickson and Lewis, 1990). The absence of lower Lower 
Albian strata in the central islands may be indicative of a non
depositional or erosional hiatus in the central islands area. 

Second, recent observations made in the eastern Skidegate 
Narrows area by the author during the 1991 field season 
indicate that shallow-marine Albian sandstone of the Haida 
Formation are in close proximity to deep-marine Aptian 
mudstone of the Longarm Formation exposed 7.5 km to the 
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Table 2. Description and interpretation of the facies of the Longarm Formation. 
HCS - hummocky cross-stratification 

FACIES DESCRIPTION INTERPRETATION 

Unstratified Claat-8upported, poorly-eorted pebble to boulder cong., graded to High concentration 
conglomerate ungraded, beds amalgamated, 0.2 - 2.7 m, a(p) a(l) fabric, bivalves. turbidites, nearshore 

Cro88-ltratlfled Claat-8upported, mod. 80rted pebble and cobble cong., trough 3-d dunes and bars, 
conglomerate or low-angle cro88-stratllled, 8ets 0.1 to 1.5 m, bed8 < 5.6 m. shallow marine. 

Channelized Claat-supported, poorly-sorted, pebble to boulder cong., massive, 
conglomerate aCt) b(l) fabric, Inflll Incised channels with up to 4.7 m relief. Distributary channels. 

Matrlx-8upported Matrix-supported, poorly-sorted breccia, massive, beds < 0.9 m, Debris flows, shallow 
cong / breccia a(p) fabric. marine. 

Transgressive Clast-supported, poorly-sorted, pebble to boulder cong I breccia, Transgressive reworked 
cong I breccia maaslve, beds 0.1 - 15.4 m, boulders up to 15 m, bivalve fragments. lag, shallow shoreface. 

Trough ero .. - Mod. lorted Ine to coarse pebbly 8Sl., 8ets 801ltary or grouped, Barred sandy 
stratified sandsl. 0.1 - 0.9 m, bivalve fragments and traces of Skolithos ichnofacies. shoreface. 

Swaley cross- Well-sorted fine to medium pebbly ssl., beds 0.2 - 10.1 m, bivalve Storm depOSits, hlgh-
stratified sandsl. frags, inter massive clast-supported cong., beds 0.1 - 0.3 m. energy sandy shoreface. 

Structurel688 Poorly-sorted, tine silty sst., heavily bioturbated, beds 0.2 - 15 m, Storm depOSits, 
bioturbated 8st Inter HCS 8st, traces of the Cruziana Ichnofacies, bivalves. sandy offshore. 

Amalgamated Well-sorted fine sst., beds amalgamated, 0.5 - 1.9 m, minor Storm depOSits, trans-
HCS sst interbedded silty mudstone, traces of the Cruziana IchnofaCies. itional sandy offshore. 

Massive pebbly Poorly-sorted, fine to coarse pebbly sst., bed8 up to 1.6 m, oriented High conclntraUon 
sandstone belemnites, abundant Intraclasts with alp) fabric. turbldltll, offshora 

Channelized Mod. 80rted coarse pebbley 88t, normally graded (Ta), with basal Turbidites, muddy 
unstratified sst Intraclast lag, beds highly lenticular, 0.6 to 5.6 m. offshore. 

Interbedded mud Sandy mudst with Inter tlne·medlum 88t, thin « 0.1 m) or thick Storm depOSits, muddy 
and sandstone (> 0.1 m) bedded, HCS, wave-rippled, or massive, beds < 0.8 m., offshore. 

oriented belemnites, traces of the Zoophycos ichnofacies. 

Disorganized Matrix- to clast-supported, massive, Intraclasts < 5 m, beds 2.9 - Cohesive debris flows, 
mudstone 13.2 m, rsfted boulders of granite (2 m), andesite, and intraclasts. muddy offshore. 

Silty mudstone Silty mudstone, in-situ bivalves, minor inter massive fine sst. Distal muddy offshore. 

Thin-bedded Mustone and interbedded thin « 10 em) line sst., unstratified (Ta) Classical turbiditell 
turbidites parallel-laminated (Tb) or current-rippled (Tc), minor pebbles. .submarlne fan. 

Pebbley sand- Mod. sorted, fine to medium pebbly sst., Ta, Tb, beds < 0.4 m, basal Submarine fan 
stone turbidites pebble lag < 0.2 m, interbedded intraclast breccias up to 1.2 m. channei deposits. 



northwest in Long Inlet. The occurrence of Albian Haida 
sandstones so close to Aptian Longarm mudstones indicates 
that the contact between the two formations is probably abrupt 
and nonconformable (i.e. Aptian offshore mudstones overlain 
by Albian shoreface sandstones). The absence of lower Lower 
Albian strata within the southern Graham-Moresby Island 
area may therefore reflect a relative sea-level fall accompa
nied by regional erosion and the westward progradation of the 
late Early Albian Haida shoreface. What follows is a brief 
discussion of the sedimentology of each of the packages. 

SEDIMENTOLOGY AND DEPOSITIONAL 
SYNTHESIS 

In this section, the previous facies schemes developed for the 
Longarm Formation by Haggart and Gamba (1990) and 
Gamba (1991) are modified. Each package is divided into 
facies assemblages, each comprising a variety of genetically 
related facies. A facies is defined on the basis of lithology, 
primary sedimentary structures, and type and degree of 
bioturbation. The assemblages of different packages may 
share some of the same facies. A description and interpreta
tion of each of the facies within the Longarm Formation is 
presented in Table 2, while the occurrence of each facies, by 
package, is presented in Table 3. 

Table 3. Distribution of facies within packages A, B, 
and C of the Longarm Formation 

FACIES A B 
Unstratified conglomerate X 

Cross-stratified conglomerate X 

Channelized conglomerate X 

Matrix-supported cong / breccia 

Transgressive cong / breccia X 

Trough cross-stratified sandst. X X 

Swaley cross-stratified sandst. X X 

Structureless bioturbated sst 

Amalgamated hummocky 
X cross-stratified sandstone 

Massive pebbly sandstone 

Channelized unstratified sst X 

Interbedded mud and sandstone X X 

Disorganized mudstone X X 

Silty mudstone 

Thin-bedded turbidites 

Pebbley sandstone turbidites 

C 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

GA Gamba 

Package A 

Two assemblages, comprlsmg seven different facies, are 
recognized within package A: a conglomerate assemblage 
and a mudstone assemblage (Fig. 2). The facies of the 
conglomerate assemblage represent shelf-type fan delta 
deposits. The unstratified conglomerate facies, which form 
the bulk of this assemblage, represents the deposits of high 
concentration turbidity currents. The occurrence of inter
stratified swaley and hummocky cross-stratified (SCS and 
HCS respectively) sandstone units with these conglomerates 
indicates deposition within an environment situated above 
storm wave base. The stratified conglomerate facies represent 
distributary mouth bar deposits emplaced within a fan 
delta-front setting. The channelized conglomerate facies 
represent distributary channel deposits. The distribution of 
paleocurrent trends derived from clast imbrication within the 
unstratified conglomerate facies reflects radial north
northwest to south-southeast paleoflow upon the surface of 
the fan-shaped subaqueous delta-front from a source located 
to the east-northeast (Fig. 4C). The inferred package A 
paleoshoreline was therefore probably oriented northwest
southeast. 
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Unstratified conglomerate 

Cross-stratified 
conglomerate 

Massive pebbly sandstone 

Trough cross-stratified 
sandstone 

Swaley cross-stratified 
sandstone 

Interbedded mudstone 
and sandstone 

Disorganized mudstone 

;j\ 
CFA 
'V 

r 
MFA 

1 
Om Vv vvv v v Basement <{;~~o o~ '1.0-0 ~" I 
Figure 2. Stratigraphic section of package A exposed south 
of White Point, northwestern Graham Island. CFA -
conglomerate facies assemblage, MFA - mudstone facies 
assemblage. 
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Smaller-scale cyclic packages between 10 and 22 m thick 
comprising a lower unit of fan delta-slope deposits overlain 
by a unit offan delta-front deposits and capped by distributary 
channel deposits occur within the lowermost succession of 
the conglomerate assemblage. These cyclic packages repre
sent the basinwards progradation of individual fan delta lobes. 

The mudstone facies assemblage was deposited within a 
muddy slope environment located basinwards of the gravelly 
fan delta system and situated above storm wave base. The 
abrupt contact between the lower and upper conglomerate 
successions and the intervening mudstone succession reflects 
an abrupt cessation of gravelly fan delta deposition followed 
by a period of muddy offshore deposition followed in tum by 
an abrupt resumption of gravelly fan delta deposition. 

20 

Om 

. ...2lj. 

. ...:.LV 

:..£U. . . 

c 

Figure 3. Stratigraphic section through package B exposed 
south of White Point, northwestern Graham Island. 

144 

Gravelly fan delta systems are typically situated adjacent 
to fault-controlled highlands (McPherson et al., 1988). The 
abrupt cessation and subsequent initiation of gravelly fan 
delta deposition may have been related to Late Jurassic move
ment along these faults. The absence of associated alluvial fan 
deposits may be attributed to the fact that the fan did not 
prograde basinwards to the location of the White Point 
exposure. 

PackageR 

Two facies assemblages, comprising five facies, are recog
nized within package B: a mudstone facies assemblage and a 
sandstone facies assemblage. South of White Point, where the 
package is most completely exposed, the facies of these two 
assemblages form three coarsening-upwards sequences (A to 
C) between 16 and 116 m thick (Fig. 3). 

Sequence C is the most completely exposed, and com
prises a lower unit of the mudstone facies assemblage and an 
abruptly overlying unit of the sandstone facies assemblage. 
The base ofthe lower unit comprises a thick unit of slumped 
mudstone capped by boulders of mudstone, sandstone, well
rounded andesite and granodiorite. The slump is overlain by 
the interbedded mudstone and sandstone facies, representing 
deposition between faiIweather and storm wave base within 
a muddy offshore environment. Hummocky cross-stratified 
sandstone beds tend to thicken and amalgamate upwards, 
reflecting a shoaling trend as the main source of sediment 
supply prograded basinwards . 

The vertical arrangement of facies within the upper part 
of each package is from swaley cross-stratified to trough 
cross-stratified sandstone (Fig. 3). This reflects a transition 
from deposition under wave-generated oscillatory current 
conditions in a lower shoreface environment to deposition 
under fairweather wave-generated unidirectional current 
conditions in an shallower shoreface environment situated 
well above fairweather wave base. The sandstones of 
sequence A are overlain by a bed of the transgressive con
glomerate facies at the base of sequence B. The conglom
erate is interpreted as a reworked lag deposited within a 
shallower shoreface environment during the initial phases of 
transgression. This facies is abruptly overlain by deeper water 
deposits of sequence B. 

Each coarsening-upward sequence represents the basin
wards progradation of a high-energy sandy shoreface. 
Progradation occurred during periods of relative sea-level fall 
or stillstand, and was terminated by a relative sea-level rise 
resulting in the reworking of pebbly shoreface or nonmarine 
deposits into a transgressive lag and a rapid facies change into 
deeper water deposits. Three such relative sea-level fluctua
tions affected deposition during Late Valanginian through 
Hauterivian time. 

Paleocurrents 

Oriented belemnites from the interbedded mudstone and 
sandstone facies of sequences A and C yield a west
southwest - east-northeast axial trend, roughly parallel to the 



west-northwest - east-northeast trend of parting lineation 
within associated hummocky cross-stratified sandstone beds 
(Fig. 4A). Parting lineation from hummocky cross-stratified 
sandstone is typically oriented perpendicular with respect to 
paleoshoreline, at least within Upper Jurassic and Cretaceous 
deposits of the Western Interior Basin (Leckie and Krystinick, 
1989). The axial trend of the belemnites is probably oriented 
perpendicular to the package B paleoshoreline, which 
probably trended north-south. Trough cross-strata within the 
overlying sandstone assemblage of each package exhibit a 
fan-shaped distribution from west to northeast, oriented 
obliquely onshore to directly offshore of the inferred 
paleoshoreline trend. 

PackageC 

Three facies assemblages, containing 14 facies, are recog
nized within package C: a lower sandstone assemblage, a 
middle mudstone assemblage, and an upper turbidite 
assemblage (Fig. 5). The assemblages form a 215 m thick 
fining-upward sequence which is completely exposed on 
Murchison Island. 

A~ 
B N 

0 i = 2580 x = 3320 

ORIENTED BELEMNITE AXES ORIENTED BELEMNITE AXES 
N = 85 N = 79 

8 i = 2500 X = 3270 ($) 
PARTING,HCS BEDS GRAVELLY WAVE·RIPPLE 

N = 2 CRESTS 
N=2 

~ lit = 25° X = 345' (!) 
TROUGH CROSS·STRATA TROUGH CROSS·STRATA 

N = 17 ARICHIKA ISLAND 
N = 295 

c~ i = 2560 X = 2090 (j) 
CLAST IMBRICATION 

TROUGH CROSS·STRATA N = 14 
POOLE INLET 

N = 75 

Figure 4. Synthesis of paleocurrent indicators from the 
Longarm Formation: A) package 8; 8) package C; C) pack
age A. 25 measurements per station (n = 14) for clast 
imbrication from exposures of package A south of White Point. 
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On Moresby Island, pre-Cretaceous basement is uncon
formably overlain by a bed of the transgressive conglomerate 
facies which varies between 15.4 m at Poole Inlet to less than 
0.1 m in western Cumshewa Inlet. The basal transgressive 
conglomerate is overlain by variably thick units of the trough 
cross-stratified or swaley cross-stratified sandstone facies, 
interpreted as sandy shoreface deposits. At Arichika Island, 
the trough cross-stratified sandstones are interstratified with 
beds of the stratified conglomerate facies, interpreted as 
gravelly shoreface bars. At Cumshewa In let, the swaley cross
stratified sandstones are overlain by 135m ofthe structure less 
bioturbated sandstone facies, interpreted as transitional sandy 
offshore deposits. The sandstone assemblage thins from 
180 m at Arichika Island in the south to 10m at Ramsay Island 
in the north, and thickens again to 215 m at Cumshewa Inlet 
farther north (Fig. 5). 

The deposits of the sandstone assemblage are gradation
ally overlain by those ofthe mudstone assemblage. The facies 
of this assemblage were deposited within a muddy offshore 
environment situated above storm wave base. At Murchison 
Island, the deposits of the mudstone assemblage are in tum 
gradationally overlain by those of the turbidite assemblage. 
In western Cumshewa Inlet, deposits of the turbidite 
assemblage are situated to the west of facies of the sandstone 
assemblage (Haggart, 1991). The facies of this assemblage 
were deposited within a submarine fan setting situated 
basinwards (southwest) of the muddy offshore environment. 

As recognized by Haggart and Gamba (1990), the three 
assemblages form a fining-upwards sequence reflecting a 
transition from deposition within energetic sandy shoreface 
to muddy offshore and submarine fan environments. Package 
C therefore accumulated during a prolonged period of relative 
sea-level rise. The thickest accumulations of the sandstone 
assemblage are probably situated proximal to sources of 
sediment supply (Le. near Arichika Island and Cumshewa 
Inlet), whereas thinner accumulations are probably situated 
in a more distal setting relative to source (Le. Ramsay Island). 
The stratified conglomerates interbedded within this 
assemblage at Arichika Island also reflect proximity to a 
gravelly source of sediment. 

Paleocurrents 

The axial orientation of exhumed gravelly wave ripples 
within the swaley cross-stratified sandstone facies trend 
northwest-southeast (Fig. 4B). Wave ripple axes are typically 
oriented parallel to paleoshoreline (Leckie and Krystinick, 
1989). This suggests that the inferred package C paleo
shoreline probably trended northwest-southeast. The average 
axial trend of oriented belemnites from the interbedded mud
stone and sandstones facies is southwest-northeast (Fig. 4B). 
This trend would once again appear to be oriented normal to 
paleoshoreline, as was the case within Package B. Paleocur
rent trends from the trough cross-stratified sandstone and 
conglomerate facies at Arichika Island and Poole Inlet exhibit 
a fan-shaped distribution from northwest to northeast and 
from southwest to southeast respectively (Fig. 4B). The trends 
at Arichika Island are 'oriented directly alongshore and 

145 





directly onshore relative to the inferred northwest-southeast 
trend, whereas those at Poole Inlet are oriented offshore to 
alongshore. 

DISCUSSION 

During the Late Jurassic to Late Cretaceous, the Queen 
Charlotte Island region occupied a forearc setting located to 
the west of an active magmatic arc. The depositional history 
of the basin may be summarized as follows. In Late Oxfordian 
to Tithonian time, gravelly fan delta deposition occurred 
adjacent to the northwest-southeast trending fault-bounded 
eastern margin of the forearc basin. The abrupt alternation of 
gravelly fan delta and muddy offshore deposits reflects some 
element of fault-control upon sedimentation. The probable 
Late Jurassic age of the volcanics underlying this package 
indicate that active volcanism may have affected deposition, 
and that the basin was situated within an intra-massif setting. 
Isolated occurrences of similar Upper Jurassic strata in the 
Lyell Island - Burnaby Island area (Haggart, 1992) may have 
been deposited within similar fault-bounded intra-massif 
forearc basins (Gamba, 1991). After a probable hiatus span
ning all of Berriasian time, marine deposition resumed within 
a greatly expanded forearc basin. Deposition during the Early 
Cretaceous was affected by several relative sea-level fluctua
tions. The deposits of package B contain three progradational 
high-energy sandy shoreface sequences deposited during 
three different periods of relative sea-level fall or sti11stand in 
Late Valanginian to Hauterivian time. Package C comprises 
a single retrogradational high energy shoreface to deep 
basinal sequence deposited during a period of relative 
sea-level rise from Hauterivian to Aptian time. The evidence 
for fault-controlled deposition within the basin during the 
Early Cretaceous is not as pronounced as in Late Jurassic 
time. 

The approximate northwest-southeast paleoshoreline 
trend of the forearc basin is remarkably consistent throughout 
Late Jurassic to Early Cretaceous time. This trend is similar 
to that proposed by Haggart (1991), which was based upon 
the progressive eastwards decrease in the age of basal 
Cretaceous strata on the Charlottes. The paleoshoreline 
orientation of the basin parallels the northwest-southeast 
trend of most Late Mesozoic faults mapped by Sutherland 
Brown (1968) and Thompson et al. (1991). Although there is 
no direct structural evidence for Early Cretaceous faulting 
(Haggart, 1992), the anomalous thickness of the shoreface 
sandstone assemblages within packages Band Care 
indicative of very rapid rates of basin subsidence. It is perhaps 
not inconceivable that the subsidence history of the 
Cretaceous forearc basin was influenced by the transtensional 
dextral strike slip-regime affecting the entire western 
Cordilleran margin throughout this period (van der Heyden, 
1992; McClelland et aI., 1992). The enlargement of the 
forearc basin throughout Late Jurassic - Early Cretaceous 
time probably tracked the eastward retreat of magmatism 
within the Coast Plutonic Complex documented by van der 
Heyden (1992). The progressive onlap of marine strata onto 
the northeast margin of the forearc basin is also observed 
within mid-Cretaceous deposits of the Haida and Skidegate 

CA Gamba 

formations (Haggart, 1991). Th is trend again I ikely tracked 
the eastward retreat of magmatism within the flanking 
magmatic arc during this period. 

CONCLUSIONS 

The following conclusions can be made: 

1. Three packages are recognized within the Longarm 
Formation as it is presently defmed: a Upper Oxfordian to 
Tithonian package A, a Upper Valanginian to Hauterivian 
package B, and a Hauterivian to Aptian package C. 

2. Package A comprises gravelly fan delta and muddy 
offshore deposits emplaced along the eastern margin of a 
northwest-southeast trending fault-bounded intra-massif 
forearc basin. Other occurrences of Upper Jurassic strata 
in south Moresby Island may have been deposited within 
similar basins. 

3. Packages Band C comprise high-energy sandy shoreface 
to deep basinal deposits emplaced during three episodes 
of Late Valanginian to Hauterivian relative sea-level fall 
or stillstand and a prolonged episode of Hauterivian to 
Aptian relative sea-level rise. 

4. The inferred northwest-southeast paleoshoreline orienta
tion of the forearc basin throughout Late Jurassic and 
Early Cretaceous time parallels the trend of most Late 
Mesozoic faults and other tectonic structures on the 
islands. 
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Abstract: The dominantly granitic Coast Belt in Vancouver map area (92G) is divided into five north
northwest-trending "tracts". From northeast to southwest, these comprise: (1) probable late Paleozoic to 
Cretaceous strata, locally metamorphosed to high grades and cut by mid- to Late Cretaceous granitic 
plutons; (2) Cretaceous plutons intruding and structurally imbricated with Lower Cretaceous Gambier 
strata; (3) Late Jurassic plutons in places overlain by Gambier strata and elsewhere cut by Cretaceous 
plutons; (4) Early Cretaceous plutons intruding Gambier strata; and (5) Late Jurassic and Early Cretaceous 
plutons cutting Late Triassic to Early Jurassic Wrangellian strata. Oldest structures are post-I85 and 
pre-I 55 Ma folds in tract 5. Tracts 4 and 5 are juxtaposed across a probable Early Cretaceous normal fault. 
Major early Late Cretaceous deformation is manifested by southwest-vergent folds and thrust/reverse faults 
in tracts I and 2, and conjugate(?) northeast- and southwest-directed reverse faults in tracts 3 and 4. 

Resume: Dans la region caItographique de Vancouver (92G), la zone Cotiere principalement granitique 
se subdivise en cinq «bandes» de direction nord nord-ouest. Du nord-est au sud-ouest, celles-ci 
comprennent: I) des strates correspondant probablement a I'intervalle couvrant la fin du PaleozoIque au 
Cretace, qui par endroits ont subi un metamorphisme intense et sont recoupees par des plutons granitiques 
s'echelonnant du Cretace moyen a tardif; 2) des plutons d'iige cretace, penetrant les strates de Gambier du 
Cretace inferieur, et structuralement imbriques avec celles-ci; 3) des plutons datant du Jurassique tardif, par 
endroits recouverts par les strates de Gambier, et ailleurs recoupes par des plutons d'iige cretace; 4) des 
plutons datant du Cretace precoce, penetrant les strates de Gambier; et 5) des plutons datant du Jurassique 
tardif et du Cretace precoce, qui recoupent des strates wrangelliennes couvrant I'intervalle du Trias tardif 
au Jurassique precoce. Les structures les plus anciennes sont des plis datant de moins de 185 et de plus de 
155 Ma dans la ban de 5. Les bandes 4 et 5 sontjuxtaposees de part et d'autre d'une faille norma Ie qui date 
probablement du Cretace precoce. Une importante deformation s'est manifestee au debut du Cretace tardif 
par des plissements de vergence sud-ouest et des failles chevauchantes et inverses dans les ban des I et 2, et 
des failles conjuguees (?) inverses de direction nord-est et sud-ouest dans les ban des 3 et 4. 
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INTRODUCTION 

The bedrock geology of Vancouver map area (92G) was 
re-examined as part of Georgia Basin project, in order to 
better understand the nature, age and structure of the basement 
of eastern Georgia Basin, which includes the greater 
Vancouver area (Monger, 1991 a). In contrast with earlier 
reconnaissance mapping, for which no or few isotopic dates 
were available, this study is enhanced by recent U-Pb dating 
of granitic rocks in the region, undertaken during the 
Lithoprobe southern Cordilleran project (Friedman and 
Armstrong, 1990) and as part of this project (Parrish and 

. Monger, 1992). In addition, the relatively new techniques of 
strain analysis (e.g., Simpson and Schmid, 1983; Hanmer and 
Passchier, 1991), proved invaluable in deciphering structures 
in deformed granitic rocks. 

Vancouver map sheet was mapped mostly at a scale of 
about 1:250 000 by Armstrong (1953; south-central part); 
Bostock (1963; west half), Roddick (1965; east half), and 
Roddick and Woodsworth (1979; west half). Although much 
of the map area is covered only by reconnaissance mapping, 
there are detailed studies in and near Britannia mine (e.g., 
James, 1929; Payne et aI., 1980; Reddy, 1989), and on late 
Tertiary-Holocene volcanics in Garibaldi Park area 
(Mathews, ] 958; Green et aI., ] 988). 

Vancouver map sheet mainly encompasses the southern
most limits of the predominantly granitic Coast Belt (Fig. 1). 
Its southeastern comer comprises geology typical of the 
(North) Cascade mountains, and is separated from Coast Belt 
rocks by Quaternary and Tertiary strata underlying the lower 
Fraser River valley (Fraser Lowland), the orientation of 
which is in part controlled by late Tertiary northeast- trending 
faults (Monger, 1991 a). Its southwestern corner, on 
Vancouver Island, is part of the Insular Belt and composed of 
Devonian to Jurassic rocks of Wrangellia terrane and Late 
Cretaceous Nanaimo Group molassic clastics, which also 

1.260 120' 
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Figure 1. Index map showing location of Vancouver map 
area within the geological provinces of southwestern British 
Columbia and adjacent part of Washington State. 

150 

overlap on to the Coast Belt (Mustard and Rouse, 1991). 
Geological and geophysical evidence suggest that the 
boundary between Insular and Coast belts, where submerged 
beneath Georgia Strait, lies close to the mainland, east of 
South Thormanby Island. It is exposed on Quadra Island in 
northern Georgia Strait and on islands still farther northwest 
(Carlisle and Suzuki, 1965; Nelson, ] 979; White and Clowes, 
1984; Monger, 1991b). Where exposed, the boundary is 
delineated by latest Middle to Late Jurassic (ca. 165-155 Ma) 
granitic intrusions within Wrangellian strata, east of which 
Jurassic, Cretaceous, and local early Tertiary granitic rocks 
comprise over 80% of the bedrock for a strike-normal 
distance of about 200 km . 

The southern Coast Belt is divisible into two parts (Fig. I). 
The eastern part, forming northeastern most Vancouver map 
area (Fig. 2), consists of four tectonostratigraphic terranes 
(Harrison, Bridge River, Shuksan, and Cadwallader) in places 
metamorphosed to amphibolite grade, juxtaposed on major, 
mainly southwest-vergent, Late Cretaceous thrust faults and 
Late Cretaceous to earliest Tertiary dextral transcurrent faults, 
and intruded by Late Cretaceous and early Tertiary granitic 
rocks (Monger, 1986; Journeay, 1990; Lynch, 1990; Journeay 
and Friedman, in press). Rocks of the eastern Coast Belt can 
be traced southwards into the North Cascade mountains 
(Crickmay, 1930; Monger, 1986, 199Ic). The western Coast 
Belt, which underlies most of Vancouver map area, is 
composed largely of granitic rocks ranging in age from late 
Middle Jurassic to early Late Cretaceous, with greenschist
grade septa and fault slices of mostly Lower Cretaceous 
Gambier Group (Fig. 2). Older stratified rocks, comprising 
Lower Jurassic Bowen Island Group and probably Upper 
Triassic Karmutsen and Quatsino formations (typical of 
Wrangellia terrane) are exposed on the west side, and Triassic 
Camp Cove and Jurassic Harrison Lake, Mysterious Creek, 
and Billhook Creek formations (comprising Harrison terrane) 
occur in the easternmost part of western Coast Belt, along. 
Harrison Lake (Fig. 2; Monger, 1991 b). Rocks correlative 
with those in western Coast Belt are known in the North 
Cascades only in the structural window north of Mount Baker, 
low in the stack of thrust sheets comprising the Northwest 
Cascades System (Monger, 1991c, and references therein). 

As first recognized by Crickmay (1930), rocks of western 
Coast Belt acted as a (relatively) rigid block (or foreland) 
during major Late Cretaceous and earliest Tertiary compres
sion and transpression featuring west-vergent thrust faults 
concentrated in eastern Coast Belt and the North Cascades 
(Monger 1986, 1991a; Journeay, 1990; Journeay and 
Friedman, in press). Detritus eroded mostly from the uplifted 
eastern Coast Belt and the North Cascades comprises the Late 
Cretaceous Nanaimo Group and early Tertiary Chuckanut, 
Burrard, Kitsilano, and Huntingdon formations and possibly 
younger, unnamed strata which are the molassic sedimentary 
fill of Georgia Basin (Johnson, 1984; England and Calon, 
1991; Mustard, 1991; Mustard and Rouse, 1991; Monger, 
1991 a). These rocks are preserved around the present Georgia 
Strait mostly by Neogene and Recent differential uplift of the 
Coast Belt and Vancouver Island (Parrish, 1983; Hohdahl et 
aI., J 989). 
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ROCK UNITS AND STRUCTURES, 
VANCOUVER MAP AREA 

Distribution, ages and structures of rock units in Vancouver 
map area are shown on Figure 2. Crystallization ages of the 
dominant granitic rocks are known with confidence only 
where V-Pb dates exist, and elsewhere are inferred from 
intrusive relationships to dated granitic rocks and from 
intrusive and locally stratigraphic relationships to dated 
strata. On the sketch map (Fig. 2) six age categories ofgranitic 
rocks are identified: Late Jurassic (V-Pb date range, 
163-147 Ma); Early Cretaceous (118-102 Ma), Late 
Cretaceous (96-84 Ma), Jura-Cretaceous (uncertain), 
Cretaceous (late Early Cretaceous-early Late Cretaceous), 
and Tertiary. Composition of the granitic rocks cannot be 
used as a guide to age; within each age bracket lithologies 
range from predominant quartz diorite and lesser granodiorite 
to local diorite, and rare gabbro and granite. An extensive 
K-Ar dating program is being undertaken to supplement the 
limited number of available V-Pb dates, as it has been found 
in this area that where both V-Pb and new K-Ar dates exist, 
the latter mostly differ from the former by only a few million 
years, and thus can be used as a relatively inexpensive guide 
to crystallization age. 

Monger(199Ib)divided the Coast Belt in Vancouver map 
area into four north-north west-trending, orogen-parallel, 
"tracts" based on known or inferred ages of mainly Jurassic 
and Cretaceous rocks and structures within each. This 
division is adhered to herein, except that the former 
"Squamish River tract" is further subdivided into eastern and 
western parts, and tract names are abandoned for numbers 
(I to 5 from northeast to southwest; Fig. 2). Young volcanic 
rocks ofthe Garibaldi Group occur mainly in the north-central 
map area, but probable correlative plugs and dykes are 
scattered across tracts 2, 3, and 4). 

Tract 1: (former Central Coast Belt - Northwest 
Cascades System of Monger, 1991 b) 

Rocks and structures in Tract 1 in Vancouver map area were 
mapped most recently by Journeay and Czontos (1989), 
Journeay (1990), Lynch (1990), and Journeay and Friedman 
(in press) and are the north-northwest along-strike extension 
of rocks exposed on both sides of Harrison Lake, south
western Hope map area (Monger, 1989) and in the North 
Cascade mountains to the south (Monger, 199Ic). They 
comprise Lower Cretaceous (Berriasian, Valanginian, 
Hauterivian, and Albian; Arthur, 1986) sedimentary and 
volcanic rocks, respectively Peninsula and Brokenback Hill 
formations (Crickmay, 1930), and are correlative with the 
Fire Lake Group of Roddick (1965), and the Gambier Group 
(Armstrong, 1953) farther west near Howe Sound; herein they 
are included in the Gambier Group. Fault slices of more 
metamorphosed strata are correlated with the Cogburn Group 
(=? Mississippian to Jurassic Bridge River terrane), Triassic 
Cadwallader Group (Cadwallader terrane), and Mesozoic 
(Jura-Cretaceous?) Settler schist (=? Shuksan terrane) of 
southwestern Hope map area (Lynch, 1990). Intrusive rocks 
include Late Cretaceous granitic rocks (correlative with 
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intrusions along strike to southeast (96 ± I Ma and 84 ± I Ma; 
Parrish and Monger, 1992), local gneiss, and minor Tertiary 
intrusions. The rocks are complexly deformed, with initial 
post-Gambier (Fire Lake) southeast-directed thrusts, folds 
associated with mainly southwest-directed high-angle 
thrusts, and northeast-trending, mid- to Late Tertiary(?) 
dextral-normal faults (Lynch, 1990). The Cretaceous 
structures are part of the Coast Belt Thrust System (Journeay 
and Friedman, in press) dated between 91 and 96 Ma, mostly 
from relationships offaults to dated plutons. 

Tract 2: (northeastern part of former Squamish 
River tract) 

Tract 2 is distinguished mainly by the presence of abundant 
granitic rocks, of mainly late Early to early Late Cretaceous 
ages (Fig. 2; U-Pb dates: 113 ±2, 94 ±2, 94 ±2, 107± 2 Ma; 
Friedman and Armstrong, 1990; Journeay and Friedman, in 
press) with local Middle Jurassic granitic rocks (162-163 Ma) 
in the southeast. Local septa and/or fault slices within the 
granitic rocks appear to be mainly variably metamorphosed 
and deformed Gambier (or Twin Island) equivalents, based 
on lithologies which include the local presence of granite 
cobble conglomerate. In places, such as north of Snowcap 
Lake, granitic rocks dated at 94 ± 0.5 Ma (Parrish and 
Monger, 1992) both intrude metasedimentary (with conglom
erate) and volcanic rocks, and are structunilly imbricated with 
them on northeast-dipping (ca. 50°-70°) structures with 
northeast plunging, downdip stretching lineations. Else
where, mylonite zones occur within the granitic rocks, but 
have not been traced for any distance. 

The southwestern boundary of Tract 2 is the Thomas Lake 
shear zone (Monger, 1990). North of the map area, it crosses 
Highway 99 about 2 km southwest of the settlement of 
Whistler. Southwest of this it is exposed On Corrie Ridge 
(5 km north northwest of Garibaldi Lake) where undated 
granitic rocks are emplaced on the Lower Cretaceous Helm 
Formation (of the Garibaldi Group) with strong northeast 
plunging (60°) northeast-side-up linear fabrics developed in 
the shear zone (Fig. 3). The zone is interrupted by the Castle 
Towers Pluton (V-Pb dated at 91 ± 3 Ma; Friedman and 
Armstrong, 1990) but southwest of this can be traced 
more-or-Iess continuously for 40 km, to the area south of 
Thomas Lake, where it is about I km wide. From there, a 
strong linear extends along Tingle Creek as far at the north 
end of Stave Lake. Along the shear zone, a strong 
northeast-dipping fabric is developed in granitic rocks 
(Fig. 4), with northeast-side-up movement indicators and 
linear fabrics that plunge northeastwards at 50-60°. In the 
hanging wall of the shear zone are mainly Cretaceous granitic 
rocks (dated at Thomas Lake as 94 ±2 Ma; R.M. Friedman, 
pers. comm., 1992). In the footwall (Tract 3), are mostly Late 
Jurassic granitic rocks with local Lower Cretaceous Gambier 
strata and Early Cretaceous plutons (e.g., Vickers Creek 
pluton; 106 ±2, 102 ±2 Ma; Friedman and Armstrong, 1990). 
The shear zone is considered by Journeay and Friedman 
(in press) to be the basal thrust of their Coast Belt Thrust 
System, and it moved in early Late Cretaceous time (between? 
94-91 Ma). 



Figure 3. Sigmoidal structure in foliated amphibolite 
indicating movement to southwest (top to left on photo). From 
metamorphosed Gambier Group(?), on Corrie Ridge, 6.5 km 
east-northeast of The Black Tusk, Garibaldi Park, and about 
100 m below contact with granitic rock, overthrust to southwest 
on Thomas Lake shear zone. 

Figure 4. Strongly foliated quartz diorite in Thomas Lake 
shear zone, 1.5 km northwest of west end of Thomas Lake. 

Tract 3: (southwestern part of former 
Squamish River tract) 

As noted above, Tract 3 consists of mainly Late Jurassic 
quartz diorite and includes the Cloudburst quartz diorite of 
Mathews (1958). These granitic rocks are overlain locally by 
Gambier strata, and intruded by granodioritic-quartz dioritic 
plutons of mid-Cretaceous age. 

Late Jurassic (V-Pb dates of 164 +3/-6, 162 ±2, 150 ±2, 
147 ±0.5, 145 ±2 Ma; Friedman and Armstrong, 1990; Parrish 
and Monger, 1992; R.M. Friedman, pers. comm., 1992) 
granitic rocks extend more-or-Iess continuously from the 
northern boundary of the map area, between Ashlu Creek and 
Cheakamus River to the southern (exposed) limits of the 
Coast Belt near Fraser River. They are predominantly quartz 
diorite, although the southeasternmost ones are granodiorite. 
Locally, as between Cheakamus and Squamish rivers, they 
have a gneissic fabric, and elsewhere, as in the Cheakamus 
canyon, a strong mylonitic fabric has been superimposed on 

J.W.H. Monger 

them. In many places, as in the Cheakamus, Mamquam, and 
Pitt River valleys, they contain numerous intrusions including 
dark, fine grained mafic dykes, and distinctive hornblende 
feldspar porphyry and fine grained green feldspar porphyry, 
quartz feldspar porphyry, and local "quartz-eye" porphyry 
dykes and intrusions. In places, abundant pyrite is associated 
with these intrusions. The quartz-eye porphyry and quartz 
feldspar porphyry bodies in the Pitt River watershed, mapped 
by Roddick (1965) as Harrison Lake Formation, appear to be 
intrusions. The porphyritic intrusions may be feeders to 
Gambier Group volcanics. Local brown-weathering andesitic 
dykes are probably correlative with the late Tertiary-Recent 
Garibaldi volcanics. 

Clastic rocks of the Gambier Group stratigraphically 
overlie Late Jurassic rocks in at least three localities: south of 
Rubble Creek (Mathews, 1958); on Alpen Mountain (Lynch, 
1991); and near Sigurd Lake in the Tantalus Range (this 
report). The basal Gambier Group includes shallow marine, 
crossbedded arkosic sandstone (Fig. 5), as well as conglom
erate locally with large quartz diorite clasts (Fig. 6). From this 
unit, called the Cheakamus Formation in the area north of 
Rubble Creek near the Black Tusk, Mathews (1958) collected 
the pelecypod Inoceramus. Re-collection of these fossils in 
1991 with W.H. Mathews, and their re-identification by 
J. Haggart (GSC loc. 187629) suggests they are of 
Hauterivian age (131-124 Ma). They also are found in the 
mainly volcanic Brokenback Hill Formation on the west side 
of Harrison Lake. North of Black Tusk area, these rocks pass 
apparently stratigraphically upwards into a heterogenous unit 
called the Empetrum Formation by Mathews (1958), that is 
composed of volcanic breccia, coarse diorite and granite 
cobble conglomerate, and olistostromes containing large 
carbonate blocks. In the same area, the Empetrum Formation 
is apparently overlain stratigraphically by the Helm 
Formation (Mathews, 1958), comprising pyritic argillite with 
interbedded graded sandstone beds. A similar three-part 
sequence occurs south of Sigurd Lake in the northwestern 
Tantalus Range, although there the probable equivalent of the 
Empetrum is a breccia with abundant volcanic fragments. In 
the Alpen Mountain-Mamquam River-Howe Sound area, 

Figure 5. Crossbedding in coarse arkosic sandstone of the 
Lower Cretaceous Cheakamus Formation (Gambier Group); 
on ridge 0.75 km northwest ofThe Black Tusk, Garibaldi Park. 
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Figure 6. Boulder of quartz diorite in basal Gambier 
conglomerate and sandstone sequence stratigraphically 
overlying probable Late Jurassic quartz diorite, 0.5 km 
west-southwest of Sigurd Lake, northwest Tantalus Range. 

Lynch (1991), drawing in part on the work ofothe~s, found 
far more volcanic rock in the section; above basal sedimentary 
rocks, two composite volcanic complexes are separated by 
sedimentary rocks of Albian age. 

Early and Late Cretaceous intrusions (U-Pb dates 91 ±3, 
102 ± 2, 106 ± 2 Ma; Friedman and Armstrong, 1990) form 
the clearly defined Castle Towers and Vickers Creek plutons 
that lie within the matrix of Late Jurassic granitic rocks. The 
undated Pinecone pluton appears to be similar. They are 
typically fresh granodioritic to quartz dioritic bodies, and 
contain relatively few dykes; those are either mafic or brown
weathering, Garibaldi(?) andesite. 

In places Tract 3 contains both southwest-vergent and 
northeast-vergent, steeply dipping shear zones that range 
from either well developed mylonites, as in Cheakamus 
Canyon, to the typically brittle and irregular fabrics seen in 
the Mamquam River area. The southwestern boundary of 
Tract 3 is the Ashlu Creek shear zone, which clearly displays 
southwest~side~up fabrics near Ashlu Creek, on the northern 
margin of the map area (Fig. 2; contrary to what was said by 
the writer in 1991!). The probable continuation of this zone 
near Sigurd Lake brings Late Jurassic quartz diorite and 
overlying Gambier Group over an undated but probably 
younger granodioritic pluton. The zone is difficult to trace as 
a continous feature along the remainder of the Tantalus 
Range, although fabrics indicate strong deformation locally. 
To the southwest, near Mamquam River, Lynch (1991) 
mapped the southwestern boundary of Tract 3 as a structurally 
complex area of east~ and west~vergent shear zones. 

Tract 4: (former Howe Sound tract) 

Rocks within Tract 4 appear to be of entirely of Cretaceous 
age. In addition to granitic rocks, they include well~studied, 
deformed Gambier strata in and adjacent to the Britannia 
shear zone (Payne et aI., 1980; Heah, 1982; McColl, 1987) as 
well as septa exposed in the walls of Howe Sound of known 
Albian age, and on Gambier and Anvil islands, and those 
southwest of the Tantalus Range and near Jervis Inlet. V~Pb 
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dates from hosting granitic rocks are late Early Cretaceous 
(118 ±2, 114 ±2, 102 ±2 Ma; north of map~sheet), and in this 
tract the granitic rocks appear to form regionally extensi~e 
bodies rather than discrete small Cretaceous plutons as m 
tract 3: They typically have no fabrics and few dykes, but. in 
places show probable intrusive fabrics (foliated but With 
intact crystals and flat and elongate xenoliths) or mylonites 
or sheared granites (with broken grains). 

With the exception of strata in and near the Britannia shear 
zone, Gambier rocks in this tract mostly have well~preserved 
primary fabrics, including ripple markings exposed on 
bedding surfaces in the septum near Phantom Lake. Metamor
phic grade in these septa is mostly low greenschist facies, with 
andalusites widespread in argillaceous strata in the southwest 
end of the Tantalus Range and in the area east of Vancouver 
Bay on Jervis Inlet. Some small septa within the predominant 
granitic rock, such as those on the west side of Howe Sound 
north of Defence Islands, have a completely reconstituted fine 
grained, granulitic metamorphic texture and locally contain 
small garnets. 

In places, the granitic rocks are clearly involved in 
defOlmation affecting Gambier strata. On the west side of Howe 
Sound, the apparent northwest extension of the Britannia sh~ar 
zone includes a I km wide exposure of Gambier Group With 
southwest~dipping foliation. The northern contact, with the 
Squamish Pluton, appears to be intrusive but is slightly faulted. 
The southern contact dips southwest at 70° and has a strong, 
southwest~side~up mylonitic fabric, as recognized by Lynch 
(1991) from the northern margin of the Porteau pluton on the 
east side of Howe Sound. The extension of this zone to the 
northwest is entirely within granitic rock, and is exposed near 
the summit of Mount Roderick. There, southwest-dipping, 
southwest-side~up (at 55-60°) mylonite zones occur within 
granitic rock (Fig. 7) for a distance of nearly 2 km across.stri.ke, 
in apparent conjugate relationship with northeast~dlppmg 
(45-65°), northeast-side-up ultramylonite (or pseudotachylite) 
zones (Fig. 8, 9). 

The southwestern boundary of this tract appears to be at 
least in part a syn-Gambier, northeast-side-down normal fault 
with local intrusions and dykes along it, herein called Prince 
of Wales Fault (Monger, 1991 b). It extends south-southwest
wards from Brittain River, along Prince of Wales Reach on 
Jervis Inlet then onland at least as far south as Narrows Inlet. 
A possible ~omparable structure is a normal fault juxtaposing 
Gambier Group to the northeast with Jurassic granite to the 
southwest on Gambier Island (Lynch, 1991). 

Tract 5: (former Sechelt tract) 

Tract 5 contains metavolcanic and metasedimentary rocks of 
the Lower Jurassic Bowen Island Group (V-Pb date 185 +8/~3 
Ma; Friedman et aI., 1990) as well as local marbles and 
metabasalts correlated with the Quatsino and Karmutsen 
formations, and Late Jurassic (V-Pb dates of 156 ±2, 155 ±3 , 
155 ±2 Ma) and local Early Cretaceous (lIS ±2, 114 ±2 Ma) 
oranitic rocks (Friedman and Armstrong, 1990). Rocks of the 
Lower Jurassic Bowen Island Group were tightly to 
isoclinally folded prior to intrusion of 155 Ma granitic rocks 
(Monger, 1991 b). 



STRUCTURAL mSTORY 

Oldest structures recognized are tight to isoclinal folds and 
penetrative cleavage in the Lower Jurassic Bowen Island 
Group in Tract 5, and are post-I 85 Ma, pre-155 Ma in age. 

An episode of syn-Gambier extension probably is 
manifested by the Prince of Wales Fault along Jervis Inlet and 
by intrusions, including dyke swarms, spatially associated with 
this fault. In addition, widespread dyking possibly related to 
Gambier volcanism occurs widely within Late Jurassic plutons 
in Tract 3, between Cheakamus and Pitt rivers. Rapid uplift and 
erosion to expose Late Jurassic quartz diorite (ca. 147 Ma), prior 
to Hauterivian (ca. 135 Ma) Gambier deposition may also be 
related to extension. Facies changes seen in Gambier 
sedimentary rocks, from basal shallow water sandstone and 

Figure 7. Northwest extension of Britannia shear zone 
exposed on Mount Roderick; northeast-vergent, 
southwest-dipping zones of mylonite/sheared granitic rock in 
probable Early Cretaceous quartz diorite; barely visible, but 
circled, asymmetric feldspar grain indicates left-side-up 
movement. 

Figure 8. Northwest extension of the Britannia shear zone, 
on Mount Roderick; strike-normal view of pseudotachylite 
(ultramylonite) dyke in quartz diorite; these dykes dip to 
northeast and have southwest-vergence, in apparent 
conjugate relationship with mylonite zones in same area 
(Fig. 7). 
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Figure 9. Pseudotachylite dyke, Mount Roderick; view in 
plane of dyke, showing steep, downdip fabric. 

conglomerate, through olistoliths, to deeper water turbidites, 
may record rapid vertical movements, but whether these are 
related to extension is unknown. 

Early Late Cretaceous contraction is the major deformation 
in the area. It is dated most precisely in the map area on the 
Thomas Lake shear zone at between ca. 91-94 Ma. This shear 
zone is considered by Journeay and Friedman (in press) to be the 
basal thrust of their Coast Belt Thrust System, which is well 
developed in the northeast part of the map area (Tract 1 and parts 
of Tract 2). The thrust system there is regionally penetrative, 
contains a local early phase of southeast-directed contraction 
(Lynch, 1990), overprinted by dominant southwest-directed 
high-angle thrust faulting. In the remainder of the map area, 
regional contraction is manifested mainly by discrete zones in 
granitic rocks that may be mylonitic, brittle, or rarely 
ultramylonitic. Since this deformation overlaps with the time of 
granitic intrusion in the region, the style of structure developed 
may reflect rock temperature during deformation. Vergence 
during this contraction is to the southwest in the northeastern part 
of the map area, but in the northern Howe Sound-Mamquam 
River-Ashlu Creek areas, deformation is directed both to the 
southwest and northeast. With the exception ofthe northeast part 
of the map area, no major crustal shortening appears to have 
taken place. Shear zones are steep, many appear to be 
discontinuous, and Gambier Group strata occur across much of 
the map area. 

Eocene contractional deformation occurs on Vancouver 
Island (England and Calon, 1991), in early Tertiary strata on 
the mainland (in Washington; Johnson, 1991), and latest(?) 
Cretaceous-early Tertiary dextral transpressional and Early 
Tertiary dextral transcurrent movements are known mainly 
east of the map area, in the eastern Coast Belt (Journeay, 
1990; Monger, 1991 a). Except possibly in the Harrison Lake 
area, structures formed in this time interval have not been 
identified in the southern Coast Belt. 

Northeast-trending structures in the southeastern part of 
the map area include the concealed Vedder and Sumas faults 
in Fraser Lowland (southeastern Vancouver map area, Fig. 2), 
between which Paleogene clastics are downdropped, and also 
structures outlined by small northeast-trending bodies of 
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mid- to Late Tertiary granitic and volcanic rocks (Monger, 
1991a; Coish and Joumeay, 1992). During this study, other 
northeast-trending linears were examined for evidence oflate 
movement, but most appear to be eroded, aligned joint 
systems. For example, a prominent northeast-trending linear 
extends from the south end of Coquitlam Lake, across the 
head of Pitt Lake and along Vickers Creek, where it is 
apparently cut off by the Thomas Lake shear zone. Northeast 
of this, along trend, bedrock along the trend of the linear is 
exposed and features small dykes offresh, brown-weathering 
Garibaldi(?) andesite which intrude northeast-trending joint 
sets (Fig. 10). Orientation ofthe head of Howe Sound appears 
to be control\ed by joints developed within the Squamish 
Pluton. Origin of the northeast-trending joint sets is 
unknown. 

Latest movements in the map area appear to be over 2 km 
of regional uplift in the last 10 million years (assuming a land 
surface at sea level 10 million years ago; Parrish, 1983) and 
contemporary vertical uplift of I mm/a, with a subsidence rate 
of 1 mm/a south of Vancouver (Hohdahl et aI., 1989). 

Figure 10. Dykelets, probably related to Gambier Group 
volcanics, intrude northeast-trending joints; northeast of head 
of Vickers Creek. A prominent linear extends for about 30 km 
to southwest of this to the south end of Coquitlam Lake. 
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Geology of northeast Taseko Lakes map area, 
southwestern British Columbia! 

P.B. Read2 

Cordilleran Division, Vancouver 

Read, P.B., 1993: Geology of northeast Taseko Lakes map area, southwestern British Columbia; 
in Current Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 159-166. 

Abstract: The map area straddles the dextral strike-slip Fraser Fault. East of the fault, the Cache Creek 
Complex consists of massive limestone of the Marble Canyon Formation and overlying Western Belt of 
siliceous phyllite, ribbon chert, thin limestone beds, and basic metavolcanics, totalling 1000 m and ranging 
from Permian to Upper Triassic. West of the fault, ribbon chert and metavolcanics of Farwell slice range 
from Lower Permian to uppermost Triassic and correlate with the Cache Creek Complex. On both sides of 
the fault, a siltstone-greywacke unit, devoid of chert, structurally and(?) stratigraphically overlies the 
complex. Equivalents to the Carboniferous metavolcanics of Thaddeus slice, the Upper Permian felsic to 
basic metavolcanics, and the massive limestone of the Marble Canyon Formation are absent across the fault. 
The Miocene Chilcotin River had a flow direction and position similar to the present. It joined the north
flowing Miocene Fraser River a few kilometres north of its present confluence. 

Resume: La region cartographique recouvre en partie la faille de Fraser, qui est un decrochement dextre. 
A I'est de la faille, Ie complexe de Cache Creek se compose de calcaires massifs de la Formation de Marble 
Canyon et de la zone occidentale sus-jacente, composee de phyllite siliceuse, de chert zone, de minces 
couches calcaires et de roches metavolcani'lues basiques, qui au total ont 1 000 m d' epaisseur et qui couvrent 
I'intervalle du Permien au Trias superieur. A I'ouest de la faille, Ie chert zone et les roches metavolcaniques 
du lambeau de charriage de Farwell s'echelonnent du Permien inferieur a la partie superieure du Trias et 
peuvent etre correles avec Ie complexe de Cache Creek. Des deux cotes de la faille, une unite composee de 
siltstone et grauwacke et depourvue de chert, recouvre structuralement et (?) stratigraphiquement Ie 
complexe. Les equivalents des roches metavolcaniques d'age carbonifere du lambeau de charriage de 
Thaddeus, des roches metavolcaniques felsiques a basiques du Permien superieur, et du cal caire massif de 
la Formation de Marble Canyon, sont absents de part et d'autre de la faille. Au Miocene, la riviere Chilcotin 
avait la meme direction d'ecoulement et la meme situation qu'aujourd'hui. A cette epoque, elle rejoignait 
Ie fleuve Fraser qui s'ecoulait vers Ie nord, a quelques kilometres au nord de son confluent actue\. 

I Contribution to the Frontier Geoscience Program Chi1cotin-Nechako Hydrocarbon Province 
2 Geotex Consultants Limited, # 1200 - 100 West Pender Street, Vancouver, B.C. V6B 1 R8 
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INTRODUCTION 

The work reported in this paper comes from the third year of 
a four-year geological investigation of the northeast comer of 
the Taseko Lakes map area (920) at the southern end of the 
Chilcotin-Nechako Hydrocarbon Province (Hickson, 1990). 
Although still in progress, this year's geological mapping at 
a scale of 1 :50 000 extends to the northern boundary of 
Taseko Lakes area at latitude 52°N and lies between 
longitudes 122°05'and 122°30'(Fig. I). 

West of Fraser Fault, earlier mapping (Read, 1992) 
indicated that Middle Jurassic and older rocks form three or 
more northeasterly-directed thrust sheets of which the 
thickest is Farwell slice. The slice consists of Farwell Pluton 
and its wall rocks of ribbon chert, grey and green phyllite, and 
metavoIcanics correlated with the Cache Creek Complex 
(Cordey and Read, 1992). East of Fraser Fault, a similar strati
graphic sequence, belonging to the Western Belt of the Cache 
Creek Complex, stratigraphically overlies massive limestone 
of the Marble Canyon Formation. On both sides of the fault, 
a thick succession of grey siltstone with minor greywacke 
structurally, and possibly stratigraphically, overlies rocks of 
the Cache Creek Complex. Although Mortimer (1987) 
followed Trettin (1980) in placing similar rocks in the 
'Pavilion beds', and Monger and McMillan (1989) relegated 
them to the Western Belt of the complex, Cordey and Read 
(1992) suggested that they may form an overlap assemblage. 

STRATIGRAPHY 

Cache Creek Complex 

East of Fraser Fault, the complex consists of paleontologic
ally dated rocks ranging from Permian to Late Triassic. West 
of the fault, the complex includes correlative rocks of the 
same age range. Recent paleontological results (Table 1) have 
improved our understanding of the ages of some of the units . 

East of Fraser Fault, fairly continuous sections along 
Alkali Creek and the Fraser River expose the entire width of 
the Western Belt and some of the underlying Marble Canyon 
Formation (Pmcc) (Fig. 1). Northward along the Fraser River 
from its confluence with Doc English Gulch and in 
Springhouse Hills east of the river, a southwesterly dipping 
panel oflight grey, unbedded limestone of the Marble Canyon 
Formation diminishes northwesterly from an outcrop width 
of3.5 km on Peavine Mountain to 500 m in Sword Creek. A 
second panel extends from south of Mount Pablo and crosses 
the Fraser River north of the map area before disappearing 
under Miocene basalt flows. Where the limestone is hundreds 
of metres thick, its upper contact defines the top of the Marble 
Canyon Formation, but where the limestone is a hundred 
metres or less in thickness, uncertainty exists as to whether it 
should be included within the Marble Canyon Formation. 
Herein, the thin limestones have been excluded and placed 
with the overlying rocks. The formation is undated in the 
northeast comer of Taseko Lakes map area, but 80 km to the 
south near Jesmond, it is Late Permian and Early Triassic 
(Beyers and Orchard, 1989). 
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Legend for Figure 1 
C ENOZOIC 
Quaternary and Tertiary 

Pleistocene 
CHiLCOTlN G ROU P ( .pv to WI s ) 

~ Grey olivine- and/or plagioclase-phyric subaerial basalt flows 

Tertiary 
Pliocene 
~ Grey oIivine- and/or plagioclase-phyric subaerial basalt flows 

~ Unconsolidated fluviatile sandstone and pebble to boulder conglom
~erate 

Miocene 
~ Grey oIivine- and/or plagioclase-phyric subaerial basalt flows 

Fraser Bend Formation 
Unconsolidated fluviatile sediments; minor rhyolite ash; rare diatoma
ceous earth 

Eocene 

~ Conglomerate, sandstone; minor siltstone and shale 

~ Dark grey olivine basalt flows 

~ Aphyric grey dacite and andesite flows; minor breccia 

~ Plagiphyric dacite breccia and flows 

~ Rhyolite tuff, ash and breccia; rare flows 

'VlESOZOIC 
Jurassic 

Middle to Upper Jurassic 

~ South of Bald Mountain: Red sparsely plagiodase-phyric volcanic 
~ conglomerate overlying nonbedded quartz-bearing feldspathic sand

stone 

~ North of Bald Mountain: Interbedded grey-green volcanic chip con
~ glomerate and nonbedded quartz-bearing feldspathic sandstone 

~ Chloritized hornblende diorite and quartz diorite 

Middle and Lower Jurassic? 

~ Grey siltstone, shale; minor grey lithic wacke 

lower Jurassic 

~ Grey noncalcareous siltstone with thin sandstone laminae; minor thin 
limestone 

Triassic 
,\Iiddle to Upper Triassic 

PALEOZOIC 
Permian 

Grey nonlimy siltstone and minor interbedded thin calcareous sand
stone 

Nonbedded light to medium grey micritic limestone 

La te Permian 
FARWELL PLUTON I LPFqm I Leucoquartz monzonite, quartz monzonite, granodiorite 

~ Chloritized and locally foliated metadiorite and quartz metadiorite 

Upper Permian 

~ Grey-green and locally maroon porphyritic (plagioclase, quartz) dacite 
~ and rhyolite flows and tuffs, felsite- and quartz-feldspar porphyry

bearing tuff; minor green metabasalt flows 

Permian to Triassic 
Lower Permian to Upper Tr lassie 

,....,.,--, CACHE CREEK COMPLEX ( "Ii v to PMCC) 
~ Western Belt: Meta-andesite and metabasalt breccia and flows 

~ Western Belt: Grey phyllite, siliceous phyllite, and grey to green 
~ ribbon chert; thin limestone layers and lenses 

~ Weste rn Belt: Red siliceous phyllite and siltstone 

Marble Canyen Formation 
~ Grey unbedded micritic limestone 

Mississippian and Pennsylvanian 
Lower Mississippian and Pennsylvanian 

~ Grey-green and green greenstone; minor limestone lenses 



) . , 

Geological contact 

• 5 . ) Evd 

Geological contact bw-ied beneath Tertiary rocks .000 •• 0 , ... ....... . . . 

Thrust fault (approximate .00000000 •• 0 0 000. 0 ~ 
(teeth on upper plate) (assumed ..... 0 0" ............. .4 ~ ,4 IV 

Strike--sllp fault ..... 0 0 ...... 0 0 .. 0 0 0 0 0 .... 000. 0 .... 0 

Fault bw-ied beneath Neogene rocks •• 000 0 0 0 0 • 0 • • 0 •••• 0 • 

Axial trace of folds 

Fossil locality 0 0 0 0 0 • 0 ••• 0 •• 0 0 0 ••• • •••• 0 •• 0 0 • 0 •• 0 • 0 0 0 

Radiometric date locality ••• 000.0 0 ••• 0.00000000 •• 0.0 <D* 
Eruptive centre .. 0 0 0 .. 0 .. 0 0 0 .. 0 0 0 0 0 .. 0 0 0 .... 0 .. 0 0 • • • 

Limit of mapping (I 992) ••••••••••••••••••••••••••••• 

Figure 1. Preliminary geological map of parts of Dog Creek (920/9). Riske Creek (920/15) , 
and Alkali Lake (920/16) map areas. 

P.B. Read 
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Table 1. Recent fossil and radiometric date localities, northeast corner of 
Taseko Lakes map area (920) 

Symbol Easting Northing Age (Reference) 

1* 521850 5756130 Pennsylvanian (Orchard, unpubl. data) 
2 524130 5754130 Late Triassic (Tozer and Tipper, unpubl. data) 
3 543000 5746870 Early Triassic (Orchard, unpubl. data) 
4 535850 5746250 Pennsylvanian to Early early Permian (Orchard, unpubl. data) 
5 543170 5745550 Late Triassic, Late Carnian or Early Norian (Cordey & Read, 1992) 
6 539250 5744000 Late Triassic, Late Norian (Cordey & Read, 1992) 
7 537700 5743000 Triassic, early Ladinian to Early Carnian (Cordey & Read, 1992) 
8 553880 5742930 Triassic, Ladinian to Carnian (Cordey & Read, 1992) 
9 555450 5742750 Late Triassic, Carnian to Norian (Orchard, unpubl. data) 

10 538730 5742350 Middle Triassic, late Anisian or early Ladinian (Cordey & Read,1992) 
11 539250 5742080 Late Triassic, Early Carnian (Cordey & Read, 1992) 
12 541710 5740860 Late Triassic, Early or Middle Norian (Cordey & Read, 1992) 
13 556300 5739000 Permian (Orchard, unpubl. data) 
14 554970 5737800 Triassic, possibly early Ladinian to Late Carnian (Cordey & Read, 1992) 
15 529000 5734870 Late Toarcian (Hickson, 1990) 
16 529630 5730480 Mississippian, Tournaisian (Orchard, unpubl. data) 
17 541800 5728250 Triassic, early Ladinian to Late Carnian (Cordey & Read, 1992) 
18 546920 5728120 upper Paleozoic to mid-Triassic (Orchard, unpubl. data) 
19 540930 5727750 Early Permian, late Asselian to late Sakmarian (Cordey & Read, 1992) 
AU 530080 5741810 258 ± 5 Ma - U-Pb Zircon (Friedman & van der Heyden, 1992) 
8 527250 5738850 254 ± 1.2 Ma - U-Pb Zircon (GSC, unpubl. data) 
C 530950 5733200 259 ± 2 Ma - U-Pb Zircon (GSC, unpubl. data) 
D 536470 5725270 47.4 ± 0.7 Ma - K-Ar whole-rock (GSC, unpubl. date) 
E 530660 5722440 50.5 ± 2.1 Ma - K-Ar whole-rock (GSC, unpubl. date) 
F 535640 5721770 48.2 ± 0.8 Ma - K-Ar whole-rock (GSC, unpubl. date) 
G 535270 5718750 43.5 ± 1.1 Ma - K-Ar whole-rock (GSC, unpubl. date) 
H 552220 5707400 8.40 ± 0.27 Ma - K-Ar whole-rock (GSC, unpubl. date) 
I 545300 5733100 3.20 ± 0.15 Ma - K-Ar whole-rock (GSC, unpubl. date) 
J 545450 5733000 2.46 ± 0.14 Ma - K-Ar whole-rock (GSC, unpubl. date) 

* Fossil Collection localities shown as numbered boxes on Figure 1. 
U Radiometric date localities shown as lettered circles on Figure 1. 

Overlying the Marble Canyon Formation is a sequence of 
grey and minor green phyllite, siliceous phyllite, and ribbon 
chert with locally bedded limestone of unit PTt, grey-green 
metavolcanic breccia and dark green phyllitic greenstone 
locally pillowed of un it Tv, and a very distinctive red siliceous 
phyllite-siltstone (Prp). This succession, about a thousand 
metres thick, outcrops along Alkali Creek east of Alkali Lake 
and along the Fraser River north of its confluence with Doc 
English Gulch. It forms the eastern limb of a northerly
trending syncline from loes Lake northward along the Fraser 
River. The west limb of the syncline underlies a narrow strip 
on the east side of Fraser Fault extending from southeast of 
the mouth of Riske Creek to south of Dog Creek. The top of 
the succession lies at the base of a structurally and strati
graphically(?) higher grey siltstone-greywacke package 
devoid of chert. Although the succession is strongly deformed 
and extensively recrystallized, the combination of conodont 
and radiolarian dating (Table I, localities 3, 4, 9, 13, and 14) 
indicates that Permian and Lower, Middle, and Upper Triassic 
rocks are present. The sequence between the Marble Canyon 
Formation and the siltstone-greywacke is similarto Trettin's 

(1980) and Mortimer's (1987) Western Belt, but differs from 
Monger and McMillan's (1989) Western Belt which includes 
the siltstone-greywacke succession which I, along with 
Trettin and Mortimer, have excluded. 

West of Fraser Fault in Farwell slice, the complex contains 
a tectonically thickened assemblage of ribbon chert, siliceous 
grey and green phyllite, and intercalated massive to bedded 
limestone layers of unit PTt. It outcrops south of Ross Gulch 
and in the middle to lower few kilometres of Word and 
McEwen creeks, where the limestone beds are absent. 
Radiolarian dating shows that the ribbon cherts range from 
Early Permian to Late Triassic near McEwen Creek (Table 1, 
localities 17 and 19) where greenstone probably structurally 
and possibly stratigraphically underlies the ribbon chert 
assemblage. Near Ross Gulch, the range is Middle to latest 
Triassic (Table I, localities 6-8 and 10-12). The base of the 
unit lies at the downward disappearance of significant ribbon 
chert and the top lies at the top of the highest ribbon chert. 
Cordey and Read (1992) correlated this chert-bearing 
assemblage and the underlying metavolcanic rocks exposed 
in McEwen and Word creeks with the Cache Creek Complex. 
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Unnamed Upper Paleozoic volcanic units 
(MPv and uPv) 

West of Fraser Fault, the remainder of the metavolcanic rocks 
and minor lenticular limestones compose parts of two thrust 
slices, not presently correlated with other upper Paleozoic to 
lower Mesozoic units. 

North of Bald Mountain and in the upper part of Word 
Creek, Thaddeus slice consists of massive greenstone (MPv) 
with a few limestone lenses that yield Pennsylvanian and 
Mississippian conodonts (Table 1, localities 1 and 16). 
Because the early Mississippian (Tournaisian) age is 
considerable older than those from the southern Cache Creek, 
but similar to the oldest dated chert of the Bridge River 
complex (Cordey and Schiarizza, in press), rocks of Thaddeus 
slice are not correlated with either complex. 

Restricted to Wineglass slice, texturally well-preserved 
metadacite flows and lapilli tuff, and overlying meta-andesite 
and metabasalt flows of unit uPv range from a hundred to 
probably less than a thousand metres thick. East of Farwell 
Creek and on the sides of Chilcotin River valley 2-5 km 
downstream from the mouth of Big Creek, the metadacite 
volcanics grade downward through dykes of metadacite and 
felsite into a marginally porphyritic leucoquartz monzonite. 
Although the contact of the metavolcanic rocks with the 
overlying fossiliferous Lower Jurassic (Late Toarcian) sedi
ments is unexposed, felsic clasts in the sediments imply an 
unconformity, not a fault. Based on the felsic composition of 
the volcanics, which is atypical of the Cache Creek Complex, 
and the overlying fossiliferous sediments, Read (1992) 
erroneously placed the volcanics in the Lower Jurassic. U-Pb 
zircon-dating of the metadacite and adjacent leucoquartz 
monzonite, however, yielded Late Permian ages of 259 ± 
2 Ma and 254 ± 1.2 Ma respectively (Table 1, localities A and 
B) and supports a cogenetic relationship between the intrusion 
and felsic volcanics. Because the Permian to Late Triassic 
ribbon chert assemblage, typical of the Cache Creek 
Complex, is absent between the Late Permian volcanics and 
immediately overlying Lower Jurassic sediments, the 
Permian volcanics have not been correlated with the complex. 

Unnamed siltstone-greywacke unit (Jpw) 

A grey siltstone-phyllite-greywacke unit (Jpw), with thin 
grit- to pebble-conglomerate layers, outcrops on both sides of 
Fraser Fault. Siliceous beds and turbidites are common, but 
tuffaceous beds are rare, and chert absent. East of the fault, 
the unit is well exposed on the north side of Alkali Creek, up 
and downstream from Alkali Lake. West of the fault, it 
underlies the slopes northwest of the mouth of Riske Creek. 
It certainly overlies, structurally and possibly stratigraphic
ally, the ribbon chert of the complex. 

East of the fault, the basal contact is buried beneath a 
200 m-wide gap in outcrop on the north side of Alkali Creek 
where a road from Alkali Ranch zigzags up the slope and 
exposes faulted and isoclinally folded ribbon chert of the 
Cache Creek Complex. On the northeast side of Doc English 
Gulch, a hydrothermally altered chert fault-breccia and buff
weathering siliceous phyllite form the outcrop edge on the 
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metavolcanics and limestones of the complex. The nearest 
siltstone outcrop is a few hundred metres away. Bedding 
attitudes and facing directions indicate that the siltstone
greywacke unit occupies the core of an upright, closed 
syncline that extends for at least 30 km subparallel to Fraser 
Fault. It appears from under the Chilcotin lavas north of 
Harpers Creek, trends north-northwest across Alkali Creek 
and the Fraser River, and disappears under the lavas to the 
north. 

West of the fault, the basal contact appears folded a few 
kilometres south of Toosey Indian Reservation 1, but to the 
south of Ross Gulch, where the ribbon chert and intercalated 
limestone layers are truncated along the base of the 
siltstone-greywacke unit, shattered siltstone outcrops favour 
a faulted contact. Near peak 3955' south of Toosey Indian 
Reservation I, an angular chert grit and fine chert breccia lie 
in contact with ribbon chert and mark the lower contact ofthe 
siltstone-greywacke unit. Although the grit and breccia are 
viewed as the basal sediments of the unit, an outcrop gap of 
200 m exists between them and the first grey siltstone outcrop; 
faults may be present. In summary, the basal contact probably 
is a faulted unconformity. 

Even though the siltstone-greywacke unit is presently 
undated in the map area, a post-Triassic age would be consist
ent with the unit overlying latest Triassic ribbon chert west of 
Fraser Fault. The characteristic dominance of siltstone and 
greywacke in the unit and the absence of chert are typical of 
the radiolaria-bearing clastic rocks of Early and Middle 
Jurassic age which Cordey et al. (1987) dated about 100 km 
to the south in Kelly Creek and Monger and McMillan (1989) 
included in the Western Belt of the Cache Creek Complex. 
Cordey and Read (1992) noted the lithologic similarity 
between the Cayoosh Assemblage and the si Itstone
greywacke unit of the map area, but removed the latter from 
the Cache Creek Complex and treated it as an overlap 
assemblage. 

Unnamed Lower Jurassic sediments (IJs) 

Green unbedded . tuff, grey massive limestone, pebble 
conglomerate, and fossiliferous grey shale and siltstone form 
up to 100 m of Lower Jurassic sediments. U-Pb zircon-dating 
ofthe volcanic rocks underlying the sediments, show that the 
volcanics, formerly placed in the Lower Jurassic (Read, 
1992), are actually Late Permian (Table I, locality B) and now 
are excluded from the unit. Because fossils occur in the 
sediments at only one locality (Table I, locality 15), all other 
occurrences are based on lithologic correlation. 

Unnamed Eocene volcanic (Evr, Evd, Eva, and 
Evb) and sedimentary units (Es) 

Eocene volcanic and particularly sedimentary rocks form 
widely scattered outcrops which extend northward from the 
head of Hargreaves Creek, through and west ofToosey Indian 
Reservation I to the eastern flank of Bald Mountain and 
northward beyond the map area. The rhyolite tephra of unit 
Evr consists of white ash southwest of peak 3955' south of 
Toosey Indian Reservation I, lapilli tuff immediately east of 
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the reservation, and breccia together with flows a few 
kilometres south and west of the southwest comer of the 
reservation. East of the reservation, 200 m of steep-dipping, 
layered tuff with angular rhyolite blocks up to 0.5 m in 
diameter may mark a rhyolite eruptive centre. 

Within and south of the reservation, porphyritic dacite 
flows and intercalated breccias of unit Evd, with 5 to 20% 
plagioclase crystals up to 3 mm, are up to 150 m thick, fOim 
peak 3955' and the surrounding hills, and overlie the rhyolite 
ash. Grey, aphyric andesite and dacite flows and locally 
breccias of unit Eva compose the western half of the Eocene 
succession and extend eastward where they locally overlie the 
rhyolite. Vesicular to amygdaloidal basalt flows of unit Evb, 
volumetrically insignificant, are exposed in road cuts on the 
western edge ofToosey Indian Reservation 1 and on Highway 
20 north ofthe northeast comer of the reservation. 

Along the re-routed forestry access road west of Toosey 
Indian Reservation 1, a few slumped roadcuts of conglom
erate, tuffaceous sandstone, and leaf-bearing siltstone of unit 
Es expose an indeterminate thickness of Eocene sediments 
within the volcanic succession. A few more outcrops suggest 
that they may extend up to 3 km to the west. 

Chilcolin Group (units Mvb andMs) 

Remnants of a broad sheet of vesicular olivine basalt flows 
(unit Mvb) extend westward for 20 km from the west valley 
wall of the Fraser River to the village of Riske Creek and 
northward beyond the map area. A few small areas of flows 
of Mvb remain along the northeast wall valley of the 
Chilcotin River near and downstream from Hargreaves 
Creek. Here and there fluviatile sediments of unit Ms fill 
paleochannels buried by the flows. 

On the north side of the Fraser River from 3 to 6 km 
upstream from the mouth of Riske Creek, scattered outcrops 
of friable sandstone, fine (2-5 cm) sedimentary breccia 
composed of grey siltstone clasts from unit Jpw, and silica
cemented and veined, rhyolite ash and tuff lie between 1950' 
and 2800' elevation. These rocks are a facade plastered against 
an easterly-trending paleovalley wall. Within 15 m of the 
overlying basalt flows near Doc English Gulch, volcanic 
conglomerate and diatomaceous earth outcrop near the edge 
of and within a 3 km long basalt block slide. North in Sword 
Creek valley, Highway 20 cuts through slumped basalt tephra 
immediately beneath the basalt flows, and a new fence line 
200 m southwest of the unnamed lake on Sword Creek 
exposes diatomaceous earth under the basalt. The maximum 
thickness of sediments is 130 m and they belong to the Fraser 
Bend Formation of Late Miocene age (Rouse and Mathews, 
1979). 

From Hargreaves Creek downstream along the Chilcotin 
River, pebble to cobble conglomerate up to 20 m thick 
underlies the basalt flows. The subrounded to angular clasts 
are mainly volcanic in contrast to the conglomerate along the 
Fraser River where quartzite clasts are important. Imbrica
tion of the clasts indicates a southeastward current direction, 
and together with their position, implies that the present 
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course and flow-direction of the ChiIcotin River are 
subparallel to those in the Miocene. Near the river mouth, the 
outcrop distribution shows that the paleochannel and 
confluence of the Chilcotin River with the Fraser River lay 
up to 2 km north of its present position. This distribution 
would be expected if the paleoflow of the Fraser River were 
northward. 

Between Riske and Sword creeks, vesicular olivine basalt 
flows and basal breccia of unit Mvb are up to 150 m thick. 
Basalt breccia is rare in the Chilcotin Group, but occurs at 
Canoe and Dog creeks (Mathews and Rouse, 1986) and in the 
present area at the base of the succession where the lavas 
flowed into water. The base of the cliffs on the southwest side 
of Doc English Gulch, expose 60 m of pillow lava, pillow 
breccia, and palagonitic tuff and breccia with broken glassy 
margins on some of the clasts. About 3 km to the northeast 
these deposits thin and disappear, only to reappear on the 
north side of Sword Creek and continue beyond the north edge 
of the map area. North of Sword Creek, the breccia and tuff 
are coarsely bedded with east- to southeasterly-dipping 
foreset beds implying water near the present position of the 
Fraser River. At Doc English Gulch, thin felsic airfall tuffs 
are intercalated with the lower basalt flows. The combination 
of felsic tuffs, a thick basal section of palagonitic tuff and 
breccia, and the underlying sediments has created an 
extensive, postglacial, basalt block slide, 3 km long, which 
crossed the river terraces and reached the Fraser. Based on a 
single K-Ar whole-rock date of 10.0 ± 1.2 Ma (Mathews, 
1989), the olivine basalt is probably Late Miocene. 

Olivine basalt flows (Mvb) along the northeast side of the 
Chilcotin River near and downstream from Hargreaves 
Creek, do not exceed 80 m and lack a basal breccia. Three 
K-Arwhole-rock dates of7.9 ±0.6, 8.5 ±0.3, and 9.2 ±OA Ma 
(Mathews, 1989) for the Beaumont locality, 8 km west of the 
map area, probably indicate a valid Late Miocene age for the 
flow remnants in the map area. 

INTRUSIONS 

Farwell Pluton (units IPFqrn and Fdi) 

Farwell Pluton consists mainly of two compositional ranges: 
a leucoquartz monzonite to granodiorite (unit IPFqrn) and a 
chloritized hornblende:±biotite quartz diorite to diorite (unit 
Fdi). The former has 20% or less mafics and the latter 25% 
or more. Although not entirely mapped, the leucoquartz 
monzonite to granodiorite commonly forms the southwestern 
side of the intrusion and the quartz diorite to diorite, the 
northeastern half of the intrusion. Wineglass Fault forms the 
contact between the two at the north end ofthe pluton but the 
nature of the remainder ofthe contact is unknown. Two U-Pb 
zircon dates, 258 ± 5 Ma (Friedman and van der Heyden, 
1992) and 254 ± 1.2 Ma (this report), were obtained from 
granodiorite and leucoquartz monzonite respectively in the 
southwestern half of the pluton. The northeastern half is 
undated. 



STRUCTURE 

West of Fraser Fault, Jurassic and older rocks are stacked in 
a series of three or more folded thrust slices, with each slice 
separated by mylonitized rocks and here and there sheared 
serpentinite. Because ofU-Pb zircon dating, the lowest slice, 
Wineglass slice, is now known to contain Lower Jurassic 
sediments overlying Late Permian volcanics that have been 
intruded by the Late Permian Farwell Pluton. Wineglass slice 
probably extends northeast to include the intruded, locally 
felsic volcanics (uPv) on the northeast side of Chilcotin River 
near peak 3817'. Farwell slice incorporates an undated 
chloritized metadiorite (Fdi), ribbon cherts with intercalated 
limestone (PTt) , and a structurally overlying siltstone
greywacke unit (Jpw). The succession faces and dips north
easterly. Because Eocene and younger units cover the 
northern extension of Farwell Fault, the extent of the slice is 
speculative, but its eastern truncation along Fraser Fault is 
not. 

East of Fraser Fault, bedding attitudes outline a north
northwesterly-trending syncline with its western limb 
obliquely truncated along the fault. The eastern limb of the 
syncline exposes a duplication of the southwesterly-dipping 
Marble Canyo? Formation with one limestone panel passing 
through Peavme Mountain and a second through Mount 
Pablo. Whether this results from a pair of isoclinal, 
northwesterly-plunging anticlines separated by a syncline, or 
from fault duplication is uncertain, but the distinctive red 
siltstone horizon above the limestone is apparently not 
repeated. 

DISCUSSION 

New radiometric and micropaleontologic dating results 
defined the ages of some of the stratified and plutonic rock 
units but enigmas remain. For example, Wineglass slice 
contains fossiliferous Lower Jurassic sediments (IJs) over
~ying U-Pb zircon-dated Late Permian volcanics (uPv) 
mtruded by Late Permian cogenetic intrusions (LPFqrn). 
T~e overlying F~rwell slice has a 3000 m tectonically 
thIckened succeSSIOn of Lower Permian to Upper Triassic 
ribbon chert (PTt) which is absent in Wineglass slice 
implying that the two slices came from widely separated 
sources. An enigma is that both slices contain chloritized 
me~adiorite (Fdi) of unknown but presumed Permian age 
whIch suggests that they never were widely separated. 

Another enigma is that the pre-upper Jurassic rocks west 
of Fraser Fault are correlative in part with the Cache Creek 
Complex and similar in part to the Bridge River Complex or 
overlying Cayoosh Assemblage. The Cache Creek Complex 
consist~ of thick, unbedded limestone of the Marble Canyon 
FormatIOn, and overlying thin limestones, ribbon chert, grey 
and green phyllite and siliceous phyllite, and basic 
metavolcanic rocks which comprise the Western Belt. 
Structurally, and possibly unconformably, overlying these 
rocks is a thick turbiditic siltstone-greywacke unit which I do 
not consider to be part of the complex. While the ribbon chert 
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and siltstone-greywacke unit can be correlated across Fraser 
Fault, the Marble Canyon Formation has no counterpart west 
of the fault, and the basic volcanic-rich succession of 
Carboniferous age, which composes Thaddeus slice west of 
the fault, is absent east of it. Ribbon chert (PTt) on both sides 
of the fault correlate with the Cache Creek Complex, while 
the siltstone-greywacke unit (Jpw) on both sides appear to 
correlated with the Cayoosh Assemblage which, according to 
Journeay and Northcote (1992), conformably overlies the 
Bridge River Complex. Although Carboniferous rocks are 
absent from the Cache Creek Complex in the south, they are 
present in the Bridge River Complex. 

Along the Chilcotin River, remnants of Upper Miocene 
fluviatile sediments indicate that the Miocene paleochannel 
was subparallel to the present course of the Chilcotin in the 
map area and flowed southeastward. Although paleocurrent 
indicators are absent from Upper Miocene sediments along 
the Fraser upstream from Riske Creek, the flow was probably 
northward along a course subparallel to the present course. 
The quartzite-rich clast composition of the Miocene fluviatile 
conglomerate exposed on Fiftyseven Creek near Clinton 
(Read, in press) and in the Gang Ranch area (Mathews and 
Rouse, 1984; Hickson et ai., 1991) implies that these two 
areas separated by 70 km, are part of a common northward
flowing Miocene drainage system. The absence of quartzite 
clasts in the Miocene conglomerate in the lower part of the 
Chilcotin River indicates that the Miocene Fraser River did 
not flow northwestward along the Chilcotin River, but rather 
that the two Miocene rivers joined and flowed northward near 
the site of the present Fraser River. 
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Glacier flow patterns of the Cordilleran Ice Sheet 
during the Fraser Glaciation, Taseko Lakes map 
area, British Columbia 

David H. Huntleyl and Bruce E. Broster1 

Cordilleran Division 

Huntley, D.H and Broster, B.E., 1993: Glacier flow patterns of the Cordilleran Ice Sheet during 
the Fraser Glaciation, Taseko Lakes map area, British Columbia; in Current Research, Part A; 
Geological Survey of Canada, Paper 93-1A, p. 167-172. 

Abstract: Patterns of glacier flow associated with the advance of the Cordilleran Ice Sheet during the 
Fraser Glaciation are described for the Taseko Lakes area, British Columbia. Landforms, striae, and 
sediment sequences suggest that during early stages of the Fraser Glaciation, valley glaciers flowing from 
the Camelsfoot and Marble ranges blocked the Fraser River in the southern portion of the study area. As a 
result, proglacial lake systems developed in the major valleys of the central interior of British Columbia. 
Three major ice streams from the Camelsfoot, Chilcotin and Pacific ranges advanced north and north
eastward over the Fraser Plateau and eventually coalesced with west and southwestward flowing Cariboo 
Mountain ice along the Fraser River valley south of Williams Lake. Relict periglacial landforms above 
1980 m delineate the ice surface over the Fraser Plateau prior to retreat. 

Resume: On a decrit les configurations d'ecoulement de la glace, associees a I'avancee de l'inlandsis de 
la Cordillere au cours de la glaciation de Fraser dans la region des lacs Taseko en Colombie-Britannique. 
Les formes de relief, les stries et les sequences sedimentaires semblent indiquer que pendant les phases 
initiales de la glaciation de Fraser, les glaciers de vallee s'ecoulant des chainons Camelsfoot et Marble ont 
bloque Ie Fraser dans la partie sud de la region a l'etude. De ce fait, des reseaux de lacs proglaciaires se sont 
formes dans les principales vallees de la region centrale de I'interieur de la Colombie-Britannique. Trois 
grandes langues de glace issues des chainons Camelsfoot, Chilcotin et Pacific ont progresse vers Ie nord et 
Ie nord-est au-dessus du plateau de Fraser et ont finalement fusionne avec les glaces de Cariboo Mountain 
qui s'ecoulaient vers l'ouest et Ie sud-ouest dans la vallee du Fraser au sud du lac Williams. Des formes de 
relief periglaciaires residuelles situees au-dessus de I 980 m delimitent la surface couverte par les glaces 
au-dessus du plateau de Fraser, avant Ie recul de ces glaces. 

I Department of Geo(ogy, University of New Brunswick, P.O. Box 4400, Fredericton, New Brunswick E3B 5A3 
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INTRODUCTION 

Over large parts of British Columbia's Interior Plateau, 
drumlinized and fluted till records the diverse flow pattern of 
the Cordilleran Ice Sheet during the late Wisconsinan Fraser 
Glaciation. The generalized glacier flow pattern in the Taseko 
Lakes area (NTS 920; Fig. 1) has been documented by Tipper 
(1971) and Heginbottom (1972). As part ofa wider study, the 
Quaternary history of this area has been re-examined, and 
observations pertinent to the variable pattern of glacier flow 
are summarized here. 

SETTING 

Three principal physiographic elements are recognized in the 
study area (Broster and Huntley, 1992): mountains; upland 
and plateau areas; and valleys. The Fraser Plateau occupies 
the northern two-thirds the study area. East of the Fraser 
River, the Fraser Plateau gives way to the Green Timber 
Plateau. These plateaux consist largely of rolling to level 
upland, dissected by the deeply incised valleys of the Fraser 

o 150 km 

~ Area discussed in this report 

River and its tributaries. The Fraser Plateau is bordered on the 
south by the Marble, Camelsfoot, Chilcotin and Pacific ranges 
(Fig. 2a). 

FIELD METHODS 

Glacier flow directions were determined from drumlins, crag 
and tail, roches moutonnees and flutes observed on 1 :20 000 
(1967) and 1 :60 000 (1987) scale air photos. These land
forms, as well as striae and rattails on bedrock outcrops, were 
also examined in the field. However, because of poor bedrock 
exposure and extensive weathering, interpretations rely heavily 
on sediment sequences and directional landforms. 

PATTERNS OF GLACIER FLOW DURING 
THE FRASER GLACIATION 

Prominent drumlin fields and fluted terrain were mapped over 
much of the Fraser Plateau. Figure 2b is a synopsis of ice flow 
patterns determined from directional glacial landforms and 
combines earlier work (Tipper, 1971; Heginbottom, 1972) 
with data collected by the senior author in 1991 and 1992. 
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Figure 1. Location ofTaseko Lakes map sheet (NTS 920). 
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Early during the Fraser Glaciation, as elsewhere (e.g., 
Kerr, 1934; Davis and Mathews, 1944), alpine glaciers grew 
in high mountain areas in southern portions of the study area. 
As glaciation intensified, piedmont lobes from these centres 
advanced across the Interior Plateau and coalesced to form 
the Cordilleran Ice Sheet (Clague, 1981). There were several 
centres of ice dispersal in the Taseko Lakes area (Tipper, 
1971; Heginbottom, 1972). In the south, ice flowed from the 
Camelsfoot and Marble ranges; to the west, the Chiicotin and 
Pacific ranges were the main source; and east of the Fraser 
River, ice flowed mainly from the Cariboo Mountains. The 
geographical distribution of these sources indicates that ice 
from southern and western sources likely entered the study 
area before ice from the east. 

Camelstool and Marble ranges 

Cirques are present on most major peaks in the Camelsfoot 
Range. Their orientation is dominantly northwest to 
northeast. Northwesterly flowing ice from the western 
Camelsfoot Range (e.g., Red and Poison mountains; Fig. 2b) 
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entered the upper Chum Creek basin where it was deflected 
northeastward by ice flowing out of the eastern Chiicotin 
Range (Fig. 2b). Glaciers in northeast- and east-trending 
valleys (e.g., Lone Cabin, South French Bar and Ward creeks) 
coalesced with valley glaciers flowing from the Marble Range 
(e.g., Big Bar Creek) to produce a U-shaped glacial trough in 
the Fraser River valley. Ice blocked the Fraser River valley in 
this area, ponding an extensive proglacial lake. Thick 
glaciolacustrine sediments subsequently accumulated in this 
lake system (Eyles and Clague, 1991). Ice from more distant 
sources advanced into and eventually overrode this lake. 

South-facing cirques in the vicinity of Nine Mile Ridge 
indicate the presence of a former ice divide. Glaciers from 
these cirques flowed southeastward into the Fraser River 
valley south of the study area. 

Chilcolin and Pacific ranges 

Cirques in the Chiicotin and Pacific ranges, are generally 
oriented north and northeast, although there are exceptions in 
the higher southwest sector (e.g., Mount TatIow). Several ice 
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Figure 2a. Map of study area. Major physiographic regions: A - Camelsfoot Range; B - Marble Range; 
C - Chilcotin and Pacific ranges; D - West Fraser Plateau; E - East Fraser and Green Timber plateaux; 
F - Major river valleys (modified from Valentine et aI., 1987). Solid triangles - peaks. Solid circles - reference 
location of text figures. 
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divides are recognized in this area (Fig. 2b). Striae and 
crag-and-tail features in the Nemiah Valley suggest that there 
was an ice divide west of Mount Tatlow and Konni Mountain 
(Fig. 2b). East of the divide, ice flowed northeastward across 
the Fraser Plateau after coalescing with major valley glaciers 
flowing from the southwest portion of the Taseko Lakes area. 

West Fraser Plateau 

Ice from the Camelsfoot, Chi1cotin and Pacific ranges advanced 
across the Fraser Plateau and coalesced with Cariboo 
Mountain ice over the Fraser River valley (Fig. 2b; Tipper, 
1971). Three major ice lobes followed the main valleys 
draining the Chilcotin and Camelsfoot ranges. Two westerly 
lobes extended over the plateau from the Taseko River and 
Big Creek valleys. The orientation of drumlins and flutes 
indicates northward ice flow with crude radial dispersal, 
likely produced as ice spilled across the low undulating 
surface of the Fraser Plateau. This pattern is especially 
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conspicuous near Fish Lake (Fig. 2a, b). A third lobe extended 
in a northeasterly direction along Chum Creek, entering the 
Fraser River valley south of Gang Ranch (Fig. 2b). 

Ice advance sequences were examined at several sites in 
the west Fraser Plateau. Near Big Creek (UTM co-ordinates 
E034 N300; NTS 92011 0), glacigenic deformation structures 
were observed in advance glaciofluvial sediments. These 
structures were produced during the advance of ice over the 
area in the early part of Fraser Glaciation. 

In upper Chum Creek valley, upwards of 50 m of bedded 
glaciofluvial gravels and ice-contact stratified and massive 
diamicts were deposited during ice advance (Fig. 3). These 
sediments are transitional with glaciolacustrine sediments 
towards Gang Ranch and Fraser Valley. Both sequences were 
partly eroded and drumlinized as ice advanced along Chum 
Creek into the ponded Fraser River valley. Retreat glacio
fluvial and glaciolacustrine sediments were subsequently 
deposited over the earlier sediments (Fig. 3). 
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Figure 2b. Simplified pattern of ice flow and location of former ice divides in the Taseko Lakes area, from 
Tipper (1971), Heginbottom (1972) and this study. Arrows indicate directions of ice flow as determined herein. 
Bold lines mark approximate positions of ice divides. KM - Konni Mountain; MT - Mount Tatlow; TM - Taseko 
Mountain; PP - Piltz Peak; BO - Blackdome; RM - Red Mountain; PM - Poison Mountain. 



Striae are rare or absent on many peaks, isolated uplands 
and the Fraser Plateau, notably Piltz Peak and Blackdome 
Mountain (Fig. 2a). Instead, there is widespread felsenmeer 
and relict patterned ground, and tors occur along some ridge 
crests. These observations suggest that periglacial conditions 
prevailed above 1980 m in these areas during Fraser 
Glaciation. Although this may not reflect the maximum 
elevation ofthe Cordilleran Ice Sheet on Fraser Plateau during 
Fraser Glaciation, it does represent a stable limit prior to ice 
retreat. 

East Fraser and Green Timber plateaux 

Ice from the Cariboo Mountains advanced over the east Fraser 
and Green Timber plateaux. Here, drumlins record west to 
southwest glacier flow east the Fraser River (Fig. 2b). In 
contrast to the situation west of the Fraser River, ice advance 
sequences were not observed in eastern valleys. This suggests 
that sediments may have been removed or reworked during 
the later phases of glaciation. 

Figure 3. Advance and retreat glaciofluvial sediments in 
upper Chum Creek valley (contact indicated by arrows). The 
advance sequence is gradational with glaciolacustrine 
sediments exposed in the Gang Ranch area. 

D.H. Huntley and B.E. Broster 

CONCLUSIONS 

An ice flow history is proposed for the Late Wisconsinan 
advance of the Cordilleran Ice Sheet in the Taseko Lakes area. 
Key conclusions are: 

I. During an early stage of Fraser Glaciation, valley glaciers 
flowing from the Camelsfoot and Marble ranges blocked 
Fraser River south of Big Bar Creek. 

2. Due to this blockage, a proglacial lake system developed 
within the Fraser River valley and its tributaries. Thick 
glaciolacustrine sediments accumulated in this lake 
system. 

3. Several ice divides were present in the Camelsfoot, 
Chilcotin and Pacific ranges. Three major ice lobes from 
these source areas advanced north-northeastward over the 
Fraser Plateau. This ice mass eventually coalesced with 
west-southwestward flowing Cariboo Mountain ice along 
the Fraser River valley south of Williams Lake. 

4. Flow patterns (Fig. 2b) in the Taseko Lakes area suggest 
that lobes continued to function as discrete ice streams 
within the Cordilleran Ice Sheet as it flowed across the 
Fraser Plateau. 

5. Relict periglacial landforms above 1980 m indicate a 
stable upper limit of glaciation prior to ice retreat. 
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Facies reconstructions in the Lower to 
Middle Jurassic Ladner Group, 
southern British Columbia 

J. Brian Mahoneyl 

Cordilleran Division, Vancouver 

Mahoney, J.B., 1993: Facies reconstructions in the Lower to Middle Jurassic Ladner Group, 
southern British Columbia; in Current Research, Part A; Geological Survey of Canada , Paper 
93-1A,p.173-182. 

Abstract: The Lower to Middle Jurassic Ladner Group comprises the argillaceous Boston Bar 
Formation and the overlying volcaniclastic Dewdney Creek Formation. The latter.is subdivided into a 
proximal, eastern facies and a distal, western facies. The proximal facies comprises pyroclastic rocks and 
lava flows, coarse grained lithic sandstone and conglomerate, and fine grained sandstone, siltstone, and 
argillite. This facies was deposited in a subaerial to subwave-base environment on a steep, west-dipping 
volcaniclastic apron by subaqueous pyroclastic flows and mass sediment gravity flows. The distal facies 
comprises two lithofacies: coarse grained sandstone and conglomerate and thin-bedded sandstone, siltstone 
and argillite. The distal facies is the product of subwave-base mass sediment flows and hemipelagic 
deposition on the distal portions of a volcaniclastic apron. The Middle Jurassic Lillooet Group is correlated 
with the western distal facies, and represents a slice of the Ladner Group offset along the dextral Fraser 
Fault. 

Resume: Le Groupe de Ladner, qui couvre l'intervalle du Jurassique inferieur a moyen, englobe la 
Formation de Boston Bar, composee de strates argileuses, et la Formation de Dewdney Creek sus-jacente, 
composee de roches volcanoclastiques. Cette derniere est subdivisee en un facies est de type proximal et 
un facies ouest de type distal. Le facies proximal englobe des roches pyroclastiques et des coulees de laves, 
un gres lithique grossier et un conglomerat, et un gres, un siltstone et une argilite a grain fin. Ce facies 
sedimentaire s'est accumule dans un milieu subaerien passant 11 un milieu situe au-dessous de la base des 
vagues, sur une plaine d'epandage volcanoclastique de fort pendage ouest, par des cou!t~es pyroclastiques 
subaquatiques et des glissements gravitaires des sediments. Le facies distal englobe deux lithofacies: un 
gres et un conglomerat grossiers, et un gres, un siltstone et une argilite finement lites. Ce facies distal est 
Ie produit des glissements gravitaires des sediments au-dessous de la base des vagues et de la sedimentation 
hemipelagique sur les portions distales d'une plaine d'epandage volcanoclastique. Le Groupe de Lillooet 
du Jurassique moyen peut etre correle avec Ie facies ouest de type distal, et represente une tranche des 
couches decalees Ie long d'une faille dextre, it savoir la faille de Fraser. 

I Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T lZ4 
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INTRODUCTION 

The Ladner Group is a Lower to Middle Jurassic clastic 
succession exposed in southwestern British Columbia east of 
the Fraser fault system. The succession was deposited on the 
eastern margin of the Intermontane Belt in the 
Jurassic-Cretaceous Methow basin (Fig. 1). The group is 
subdivided into: 1) Sinemurian? to Upper Toarcian(?) Boston 
Bar Formation, a thick section of thin bedded argillite; and 
2) Upper Toarcian to Upper Bajocian Dewdney Creek 
Formation, a sequence of coarse grained volcaniclastic rocks 
and lava flows (O'Brien, 1986, 1987). 

Two distinct facies belts may be mapped within the 
Dewdney Creek Formation throughout its outcrop belt 
(Fig. 1). Delineation of these facies belts allow direct 
correlations to be made between the Ladner Group and 
Middle Jurassic Lillooet Group, exposed to the north near 
Lillooet on the opposite side of Fraser fault. This correlation 
adds additional constraints on the magnitude of transcurrent 
offset along the Fraser fault system (Fig. I), and permits 
restoration of the original facies configuration of the Ladner 
Group. 

This investigation is part of a regional analysis of Jurassic 
stratigraphy and basin configuration undertaken as a doctoral 
research project under the joint sponsorship of the Geological 
Survey of Canada and the University of British Columbia. 
Fieldwork in 1992 was completed under the auspices of the 
Chilcotin-Nechako Project, a regional mapping program in 
the south-central Intermontane Belt (Hickson, 1992). Field 
work in 1992 concentrated on a narrow outcrop belt of 
Jurassic strata situated between the Coast and Intermontane 
belts, in the Hope (92H), Pemberton (92J), and Taseko Lakes 
(920) map areas. 

GEOLOGICAL SETTING 

The Boston Bar Formation of Ladner Group lies 
unconformably on oceanic greenstone and chert of the 
Triassic Spider Peak Formation, interpreted to be the 
basement of the Methow basin (Cairnes, 1924; Ray et aI., 
1985; Ray, 1986, 1990). Boston Bar Formation is overlain by 
volcanogenic sedimentary rocks of the Dewdney Creek 
Formation of Ladner Group. Dewdney Creek Formation is 
tum locally overlain unconformably by sandstone and 
conglomerate of the Upper Jurassic Thunder Lake sequence 
and the Lower Cretaceous Jackass Mountain Group (Monger, 
1970; Coates, 1974; O'Brien, 1986). 

Methow basin strata comprise Lower Jurassic to Upper 
Cretaceous rocks exposed east of the Yalakom and 
Hozameen fault systems (Garver, 1992), and west of the 
Pasayten Fault. The Pasayten Fault separates Jurassic and 
Cretaceous basinal sediments from gneisses and plutonic 
rocks of the Late Permian-Triassic Mount Lytton Complex 
and the Late Jurassic Eagle Plutonic complex (Greig, 1989; 
Friedman and van der Heyden, 1992) (Fig. 1). The eastern 
limit of Jurassic strata is the Chuwanten fault, an east-vergent 
thrust fault that places Jurassic strata over Cretaceous rocks 
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(Monger, 1989) (Fig. 1). The western limit of Methow basin 
strata south of Boston Bar is the Hozameen fault system, 
which separates Methow strata from Permian to Jurassic 
oceanic greenstones and chert of Hozameen Group (Monger, 
1970, 1989; Ray, 1986, 1990). 

North of Lytton, black siltstone, argillite, sandstone and 
conglomerate of the Aalenian to Bajocian Lillooet Group are 
exposed west of the Fraser fault system. Lillooet Group is 
unconformably overlain by strata of the Cretaceous Jackass 
Mountain Group (Kleinspehn, 1982; Schiarizza et aI., 1989, 
1990; Mahoney, 1992); the base of the Lillooet Group is not 
exposed. The western limit of the Lillooet Group is the 
Yalakom Fault, which separates an imbricate stack of 
Triassic, Jurassic, and Cretaceous clastic rocks on the 
northeast from the oceanic greenstone and chert of the 
Mississippian to Jurassic Bridge River Group (Schiarizza et 
aI., 1989, 1990). 

PREVIOUS WORK 

Nomenclature of Jurassic rocks of the Methow basin has a 
long and complex history, primarily due to the lack of well 
exposed sections, poor age control, and complex structural 
relations. Significant strides in biostratigraphy, particularly 
by Coates (1974) and O'Brien (1986, 1987) have delineated 
the range and distribution of units, although disagreements 
still exist (Ray, 1990). 

Cairnes (1924, 1944) named the Ladner Group for a thick 
sequence of slate and tuffaceous grey wacke exposed along 
Ladner Creek northeast of Hope. Dewdney Creek Group was 
named for a sequence of coarse grained volcanogenic strata 
exposed in the Dewdney Creek area, and tentatively assigned 
a Late Jurassic to Early Cretaceous age (Cairnes, 1924, 1944). 

Coates (1974) applied the name Ladner Group to rocks of 
Sinemurian(?), Toarcian, and Bajocian age that lie 
disconformably or with slight angular unconformity beneath 
rocks of Late Jurassic age in the Manning Park area. He 
subdivided the Ladner Group into an eastern and western 
outcrop belt, and established two reference sections for the 
group (Lookout section in the eastern belt; Divide section in 
the western belt). Coates (1974) correlated Upper Jurassic 
(Oxfordian to Portlandian) volcanogenic siltstone, sandstone, 
and rounded pebble conglomerate overlying Ladner Group 
with the Dewdney Creek Group of Cairnes (1924, 1944). 

O'Brien (1986, 1987) significantly revised the 
nomenclature of Jurassic strata in the region based on new 
paleontological control in the Coquihalla and Anderson River 
areas (Fig. 1). O'Brien (1986) found that the type area of the 
"Upper Jurassic to Lower Cretaceous" Dewdney Creek 
Group of Cairnes (1924, 1944) consisted of Middle Jurassic 
strata, which she interpreted to lie conformably above 
Jurassic strata of Ladner Group. Consequently, O'Brien 
(1986, 1987) incorporated all Lower and Middle Jurassic 
rocks of the region into the Ladner Group, and subdivided the 
group into Lower Jurassic Boston Bar Formation and the 
overlying Middle Jurassic Dewdney Creek Formation. Upper 
Jurassic and Lower Cretaceous clastic strata disconformably 
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Figure 1. Generalized geological map of the 
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above Ladner Group, including the Dewdney Creek Group 
as defined in Manning Park (Coates, 1974), were renamed the 
Thunder Lake assemblage. 

Ray (1986) mapped and described the stratigraphy of 
Ladner Group in Coquihalla River area in detail, documented 
the basal unconformity between the group and the underlying 
Spider Peak Formation, and analyzed the deformation of the 
group. Ray (1990) found Late Jurassic Buchia bivalves in fine 
grained siltstone lithologically indistinguishable and 
apparently conformable with argillaceous strata of the lower 
Ladner Group. On this basis, Ray (1990) disagreed with the 
subdivisions of O'Brien (1987), and mapped both Lower and 
Upper Jurassic siltstone and argillite as Ladner Group. 

Ray (1990) mapped coarse grained volcanogenic strata 
overlying argillaceous rocks of Ladner Group as Jura
Cretaceous Dewdney Creek Group. The presence of Middle 
Jurassic ammonites in these overlying rocks suggests this 
assignment is incorrect. However, the applicability of the 
stratigraphy defined by O'Brien (1987) and described in this 
paper to the area mapped by Ray (1990) north of the 
Coquihalla River remains in dispute. 

Mahoney (1992) reviewed the previous work and 
described the stratigraphy and depositional setting of Middle 
Jurassic volcanogenic strata of Lillooet Group near Lillooet 
(Fig. I). 

LADNER GROUP STRATIGRAPHY 

Boston Bar Formation 

Boston Bar Formation comprises strongly deformed and 
metamorphosed argillite, siltstone, lithic sandstone and 
minor conglomerate exposed in the west-central part of the 
Ladner Group outcrop belt, from south of the Coquihalla 
River northward to north of Boston Bar, where it is truncated 
by the Fraser fault system. The western limit of exposure is 
the Hozameen Fault, and the eastern boundary is the contact 
with the Dewdney Creek Formation or the Tertiary Needle 
Peak pluton (Monger, 1989) (Fig. 1). 

O'Brien (1986) and Monger (1989) showed the Boston 
Bar Formation extending along the western edge of the 
Jurassic outcrop belt as far south as the International Border. 
Mapping during 1992 indicates that the unit does not extend 
south of Mt. Dewdney, and that all Lower and Middle 
Jurassic strata in Manning Park should be included in 
Dewdney Creek Formation. Fine grained strata mapped as 
Boston Bar Formation in Manning Park contains abundant 
coarse grained volcanic detritus and Late Toarcian to Middle 
Bajocian fossils, characteristics of the distal facies of 
Dewdney Creek Formation. Undated strata of Twisp 
Formation in Methow Valley, in Washington State, are 
lithologically similar to the Boston Bar Formation, but 
definitive correlation awaits age control. 

Argillaceous strata characterize the Boston Bar 
Formation, although siltstone is equally abundant. The 
formation grades upward over a few hundreds of metres from 
a basal conglomerate and sandstone section into the siltstone 
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and argillite that dominate the section (Ray, 1990). New 
mapping in the Anderson River area demonstrates that the 
formation coarsens upward into medium- to coarse-grained 
sandstone and limestone-bearing volcanic conglomerate in 
the upper 200 m of section, near the contact with the overlying 
Dewdney Creek Formation. 

The Boston Bar Formation unconformably overlies 
Triassic Spider Peak Formation (Ray , 1990). Matrix 
supported, polymict pebble to boulder conglomerate at the 
base of the formation contains subangular to rounded clasts 
of greenstone, quartz diorite, syenite, limestone, sandstone, 
and siltstone in a matrix of fine grained sand and silt. O'Brien 
et al. (1992) reported a 235 ± 10 Ma quartz diorite clast from 
this basal conglomerate and suggested it was derived from 
the Late Permian Mount Lytton Complex to the east. This 
correlation, if correct, indicates that the Methow basin has 
been adjacent to Quesnellia since its inception (O'Brien et aI., 
1992). 

The upper contact of Boston Bar Formation is not 
exposed, but is believed to be gradational with the overlying 
Dewdney Creek Formation (O'Brien, 1986, 1987). The age 
of Boston Bar Formation is poorly constrained by sparse 
fossils as Sinemurian(?) to Toarcian(?) (Monger, 1989). The 
stratigraphic position of the Late Jurassic Buchia bivalves 
reported by Ray (1990) remains unclear. 

Structural features in Boston Bar Formation consists of 
strong near-bedding-parallel cleavage, tight to isoclinal 
meso scopic and macroscopic scale folds, and abundant 
bedding-parallel faults. Deformation increases significantly 
adjacent to both the Needle Peak pluton and to major faults, 
particularly the Fraser fault system (Fig. 1). The rocks are 
locally metamorphosed to hornblende hornfels facies. 
Structural and metamorphic alteration in the Boston Bar 
Formation is locally much higher than in the overlying 
Dewdney Creek Formation. These differences may be the 
result of pre-Toarcian deformation or may be apparent 
features created by competency differences in units adjacent 
to major faults and intrusions. 

Dewdney Creek Formation 

The Upper Toarcian to Upper Bajocian Dewdney Creek 
Formation is a heterogeneous package of coarse grained 
sandstone, conglomerate, siltstone, pyroclastic rocks, and 
volcanic flows with considerable lateral and vertical variation 
throughout the outcrop belt. It is exposed in a 200 km-long 
northwest trending outcrop belt extending from south of the 
International Border to north of Boston Bar (Fig. 1). The 
formation is exposed in two distinct outcrop belts contained 
in the limbs of a broad synclinorium situated between 
Hozameen and Chuwanten faults (Coates, 1974) (Fig. 1). 

Dewdney Creek Formation comprises an eastern 
proximal facies assemblage and a western distal facies 
assemblage (Fig. 2, 3a). This distinction, first recognized by 
Coates (1974) in the Manning Park area, is herein extended 
throughout the entire Middle Jurassic part of the Methow 
basin. 
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Eastern proximal facies 

This assemblage comprises three distinct lithofacies: I) fine
to coarse-grained pyroclastic rocks and lava flows; 2) coarse 
grained lithic sandstone and conglomerate lithofacies; and 
3) fine grained sandstone, siltstone, and minor argillite. These 
lithofacies are interbedded with one another in varying 
proportions throughout the area, but a very general fining 
upward sequence in the order of thousands of metres is 
generally recognized along the length of the outcrop belt 
(Fig. 2). 

The volcanic lithofacies consists of coarse grained 
andesitic to dacitic breccia, tuff-breccia, lapilli tuff, lithic 
crystal tuff, crystal tuff, vitric tuff, and rare andesitic lava 
flows . Coarse pyroclastic rocks are typified by andesitic 
breccia exposed at Blackwall Peak in the Lookout section in 
Manning Park, where the breccia consists of matrix
supported pebble to boulder sized angular to subangular 
clasts of green hornblende crystal tuff in a fine grained 
plagiocl ase-bearing matrix. The most voluminous 
pyroclastic lithology in the formation is medium to very thick 
bedded (0.3 to 2 m) andesitic tuff-breccia and lapilli tuff. 
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These beds commonly show crude normal and reverse 
grading, parallel laminae, and locally contain siltstone rip-up 
clasts and other accidentals, including rare bioclasts. Many 
of the coarser pyroclastic beds are lenticular and, in the 
Lookout section, tuff-breccia fills submarine channels. Fine 
grained lithic crystal tuff, crystal tuff and vitric tuff is 
common in the upper third of the formation, and tends to be 
thin to medium bedded (3-30 cm), parallel laminated, and 
laterally continuous. These tuffs locally aggregate to 
10-25 m. 

Rare andesitic lava flows occur along the eastern margin 
of the outcrop belt in the Anderson River area (Fig. 1). The 
flows are generally green, aphanitic to porphyritic, with 
hornblende phenocrysts in an aphanitic matrix. Calcite and 
zeolite amygdules are common near the base and tops of 
flows, and the flows are commonly highly altered. 

The coarse grained sandstone and conglomerate 
lithofacies consists of medium to thick bedded (0.1 to 0.8 m), 
medium to coarse grained lithic feldspathic wacke and arenite 
interbedded with minor fine to medium grained arenite and 
siltstone. Sandstone beds amalgamate to 2-25 m. The 
sandstone commonly contains siltstone rip-up clasts in the 
basal few centimetres, and generally exhibit normal grading 
and crude parallel laminae. Scour features, channel cuts, 
soft-sediment deformation and granule conglomerate 
stringers are locally abundant. Woody debris is common, and 
a medium bedded shelly lag deposit was noted at one locality. 
Coarsening and thickening and fining and thinning upward 
sequences (1-10 m thick) are common. The majority of the 
san9stone is volcanic, with plagioclase the most abundant 
clastic component, and lesser volcanic lithics, chloritized 
mafic grains, and quartz, all indicating a first-cycle volcanic 
source. One 40+ m thick section within the Lookout section 
of Manning Park contains abundant quartzofeldspathic 
arenite of unknown derivation. Pebble to boulder, matrix and 
clast-supported conglomerate with angular to subrounded 
volcanic clasts form lenticular horizons throughout the 
section, but are more common in the lower portions of the 
formation. 

Fine grained sandstone, siltstone, and argillite lithofacies 
is characterized by thin bedded, thin laminated, fine to very 
fine grained, well sorted, lithic feldspathic arenite, medium 
to coarse grained laminated siltstone, and minor argillite. 
The unit contains abundant sedimentary structures, including 
parallel laminae, cross laminae, graded bedding (normal and 
reverse), f1aser bedding, scour features, load casts, pinch and 
swell features, ripple marks, climbing ripples, and convolute 
laminae. Partial Bouma sequences are locally evident. This 
lithofacies commonly gradationally overlies thick sandstone 
sequences, but also forms thick (10-100 m) sequences, 
particularly near the upper portion of the section. 

Depositional environment 

The volcanic lithofacies was deposited by a combination of 
pyroclastic flows, debris flows, and air fall. Thick bedded 
(0.75-2 m) lapilli tuff that fine upwards from a basal rip-up 
horizon into lithic crystal tuff with inversely graded pumice 
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clasts near the upper contact are interpreted as subaqueous 
pyroclastic flows (Fisher and Schmincke, 1984). Thick 
bedded tuff-breccia and lapilli tuff with inversely graded 
bases overlain by normally graded crudely laminated 
medium bedded lapilli tuff and lithic crystal tuff may also 
indicate subaqueous pyroclastic flows. Thin, normally 
graded crystal tuffs with irregular lower contacts, randomly 
oriented plagioclase crystals and reworked tops are believed 
to be air fall deposits. Thick, lenticular, and locally 
channel-filling breccia and tuff-breccia with rare clast 
alteration rinds represent lahars. Non-pillowed lava flows in 
the Anderson River drainage indicate a nearby subaerial vent 
region. 

The coarse grained sandstone and conglomerate 
lithofacies was primarily deposited by subaqueous mass flow 
mechanisms. Thick (0.6-2 m), structureless to crudely 
laminated sandstone and granule conglomerate with 
abundant basal rip-up clasts dominates the facies, and is the 
product of high-concentration turbidity currents. Inter
calated thin-bedded siltstone represent low-concentration 
partial turbidites. Lenticular pebble to boulder conglomerate 
within fine grained facies indicates subaqueous channelized 
flow in the eastern part of the outcrop belt. 

Fine grained sandstone and siltstone lithofacies is the 
product of low concentration turbidity currents, hemipelagic 
suspension sedimentation, and tractional sediment transport. 
Thin bedded, bottom-cut-out partial Bouma sequences 
(TCDE, TDE) are normally associated with thick bedded 
sandstone successions, and represent deposition in the 
waning stages of high concentration mass sediment flows. 
However, parallel laminated sandstone, siltstone and argillite 
locally aggregate to 10-25 m, and are believed to be the result 
of both low concentration turbidity currents and tractive 
sedimentation. Tractive sedimentation is indicated by locally 
abundant sedimentary structures, and by parallel and 
crosslaminated fossil-rich lag deposits near the eastern 
boundary of the outcrop belt. Thick sequences (5-15 m) of 
black argillite are the product of hemipelagic sedimentation. 

The eastern proximal facies was deposited rapidly in 
shallow to intermediate depth (below normal wave base) 
water adjacent to an energetic andesitic to dacitic volcanic 
system. Deposition occurred on a volcaniclastic apron 
characterized by episodic pyroclastic influx and subaqueous 
mass sediment gravity flows. The apron shall owed to the east, 
as evidenced by an increase in bioclastic debris, woody 
debris, coarse volcanic breccia and lava flows towa~d the 
eastern edge of the outcrop belt. A steep gradient is implied 
by the proximity of high concentration turbidites and 
subaerial(?) lava flows, and by the overall coarse grain size 
of the sediment. Sediment transport was dominantly to the 
west, as indicated by the east-to-west proximal-distal 
transition, and by rare paleocurrent indicators. Rapid lateral 
facies changes suggest an uneven bottom topography, and the 
presence of quartzofeldspathic rocks in Manning Park 
suggest multiple source areas. The abundance of convolute · 
laminae, ball and pillow structures, overturned flame 
structures, and lack of biogenic structures suggest deposition 
was rapid. 
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Western distal facies 

The western distal facies may be subdivided into two 
lithofacies: I) a coarse grained sandstone and conglomerate 
lithofacies and 2) a fine grained facies of thin bedded 
sandstone, siltstone and argillite. The thin bedded lithofacies 
is volumetrically dominant, but it weathers recessively, 
creating prominent ribs of sandstone and conglomerate that 
appear to dominate the section. Figure 3a contains a partial 
stratigraphic section of the western distal facies. 

The thin bedded lithofacies consists of rhythmically 
interbedded 2-5 cm thick fine- to very fine-grained sandstone, 
siltstone, and argillite. Thin-bedded, fine grained sandstone 
and gradationally overlying siltstone form thin (3-8 cm) 
couplets that give the outcrop a banded appearance. 
Sedimentary structures consist of parallel lamination, with 
subordinate crosslaminae, convolute laminae, and graded 
bedding, organized into partial and complete Bouma 
sequences. Bioturbation is locally evident. Cyclicity is 
common, with fine sandstone beds alternately coarsening and 
thickening, then fining and thinning upward on a 10-50 m 
scale. Thin bedded carbonaceous argillite is intercalated 
throughout the section, and locally forms 0.5 to 1 m beds. 

Coarse grained sandstone and conglomerate lithofacies 
consists of medium to very coarse grained lithic feldspathic 
arenite and wacke and granule to pebble volcanic 
conglomerate. The sandstone and conglomerate is medium to 
very thickly bedded, structureless to crudely laminated, and 
commonly contains fine grained rip-up clasts at the base. 
Sandstone and conglomerate beds are gradationally overlain 
by, and intercalated with, the fine grained lithofacies. 
Granule to pebble conglomerate is generally matrix
supported, crudely graded, and commonly forms thin 
"stringers" within sandstone-dominated sections. Medium 
and thick bedded sandstone and conglomerate beds occur in 
50-80 m thick sequences, which commonly display 
coarsening and thickening upward and fining and thinning 
upward cyclicity. 

Depositional environment 

The western distal facies is the product of subaqueous mass 
sediment flow and hemipelagic deposition in a subwave-base 
marine environment. The thin bedded lithofacies was 
deposited by low concentration turbidity currents. This 
interpretation is based on the abundance of both complete and 
bottom-cut-out partial (TBCOE, TCOE, TOE) Bouma 
sequences and the uniform, laterally continuous bedding. 
Homogeneous argillite sequences are the product of 
hemipelagic sedimentation, as shown by minor normal 
grading, lack of tractive sedimentary features, and the 
preservation of ammonite fauna. Episodic increases in clastic 
influx, perhaps due to migrating distributary lobes or the 
progradation of a clastic wedge, introduced coarse clastic 
debris into the basin. The coarse grained lithofacies is the 
product of unchannelized, high concentration turbidity 
current deposition during these periods of high clastic influx. 
This interpretation is supported by the abundance of thick to 
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very thick bedded, structureless to crudely graded sandstone 
beds, inferred to be amalgamated mass sediment gravity 
flows, enveloped in fine grained hemipelagic sediments. 

The western distal facies is thought to have been deposited 
farther from the volcanic highland than the eastern proximal 
facies due to its overall finer grained nature, lack of primary 
pyroclastic debris and lava flows, lack of channels, 
abundance of organized turbidite features, and the absence of 
wood and shallow water shelly debris. The western distal 
facies is believed to have been deposited at the base of a 
volcaniclastic apron which received sediment from the east. 

Age 

The age of Dewdney Creek Formation is constrained as Late 
Toarcian to Late Bajocian (O'Brien, 1986; this study), 
although the age of the upper and lower contacts is unknown. 
Five new fossil localities were discovered during 1992, 
including the oldest and youngest fossils yet found in the 
eastern outcrop belt. A well-preserved ammonite, 
Zemistephanus richardsoni, of late Early Bajocian to early 
Late Bajocian age from the Anderson River area extends the 
known age range of the formation (H.W. Tipper, pers. comm., 
1992). The association of Tmetoceras with Trigonid 
pelecypods and brachiopods in volcanic strata suggests 
sediments east of the Anderson River are Early Aalenian or 
older, indicating that volcanism was active from at least Early 
Aalenian to Late Bajocian time. A Toarcian(?) to Aalenian 
initiation of volcanism is indicated by a thick sequence of 
lapilli tuffs and tuff stratigraphically below an Aalenian(?) 
ammonite discovered by O'Brien (1986), on the east flank of 
Mt. Sutter. 

The Early Bajocian ammonite identified by O'Brien 
(1987) from below the breccia of Blackwall Peak is 
problematic. Frebold et a!. (1969) noted a Late Toarcian 
ammonite from the same section, and the fine grained nature 
of the sediments preclude reworking to account for this 
contradiction. The discovery of Aalenian ammonites 
stratigraphically above the breccia of Blackwall Peak 
supports a Late Toarcian age for the breccia (Coates, 1974), 
suggesting volcanism was active as early as Late Toarcian. 
The ammonite discovered by O'Brien (1987) may indicate 
structural duplication along a strand of the Chuwanten Fault. 

Lillooet Group 

The Aalenian to Bajocian Lillooet Group consists of 800+ m 
of fine grained sandstone, siltstone, argillite, and lesser 
conglomerate exposed west of the Fraser fault system 
(Mahoney, 1992, and references therein) (Fig. 1). The age, 
lithology, sediment transport direction, faunal types, inferred 
depositional environment, and stratigraphic and structural 
position of the Lillooet Group (Fig. 3b) is similar to that of 
the western distal facies of Dewdney Creek Formation 
(Mahoney, 1992). 

Examination of facies distribution on a regional scale 
shows that the western distal facies of Dewdney Creek 
Formation does not extend north of the Eocene Needle Peak 
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Pluton. The entire fonnation north of the pluton consists of 
the eastern proximal facies, with the distal facies missing. 
However, the western margin of Dewdney Creek Fonnation 
is truncated north of Boston Bar by the Fraser fault system. 
Displacement estimates on the Tertiary Fraser fault system 
range from 80-150 km, based on the offset of the 
Hozameen/Y alakom fault system, displacement of the 
Jackass Mountain Group, and correlation of the Pennian 
Farwell Pluton and the Mount Lytton Complex (Kleinspehn, 
1982; Monger, 1985; Friedman and van der Heyden, 1992; 
Monger and Journeay, 1992). Restoration of this magnitude 
places the Lillooet Group adjacent and west of the proximal 
facies of Dewdney Creek Fonnation (Fig. 4). I suggest that 
the Lillooet Group may be directly correlated with the 
western distal facies of Dewdney Creek Fonnation based on 
sedimentologic, stratigraphic, and structural grounds, and 
that Lillooet Group therefore represents a slice of the Ladner 
Group offset along the dextral Fraser Fault System. It is 

further suggested that the name Lillooet Group be abandoned, 
and those rocks be assigned to Dewdney Creek FOImation of 
Ladner Group. 
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New Middle Cambrian fossil and geological data 
from the Brussilof magnesite mine area, 
southeastern British Columbia 
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Fritz, WH. and Simandl, GJ., 1993: New Middle Cambrian fossil and geological datafrom the 
Brussi/of magnesite mine area, southeastern British Columbia; in Current Research, Part A; 
Geological Survey of Canada, Paper 93-1A,p. 183-190. 

Abstract: In the Brussilof mine area in southeastern British Columbia, the magnesite-bearing Cathedral 
Formation is overlain by the Stephen Formation, which contains Ptychagnostus gibbus Zone fossils. Sixty- . 
five kilometres to the northwest, in the Field area, the Field member of the overlying Eldon Formation 
belongs to the same zone. Correlation between the two areas suggests an unconformity in the Brussilof area 
at the Cathedral/Stephen contact. The time-rock equivalents of the two lowest Eldon members and an older, 
rock-equivalent of the Stephen Formation in the Field area are probably missing at this contact. 

The proposed sub-Stephen unconformity in the Brussilof area represents adequate time for evaporite 
formation and/or ground preparation suitable for ore deposition. A later, abrupt transgression is recorded 
by the P. gibbus fauna in the Stephen Formation. The fossils and their mode of preservation indicate an 
open ocean level of salinity and deposition below wave base. 

Resume: Dans la region de la mine Brussilof dans Ie sud-est de la Colombie-Britannique, la Formation 
de Cathedral qui contient de la magnesite est recouverte par la Formation de Stephen, laquelle contient des 
fossiles de la zone a Ptychagnostus gibbus. A 65 km plus au nord-ouest, dans la region de Field, Ie membre 
de Field qui fait partie de la Formation d 'Eldon sus-jacente appartient a la meme zone. La correlation entre 
les deux secteurssemble indiquer l'existence d'une discordance dans la region de Brussilof au contact entre 
les formations de Cathedral et de Stephen. Les equivalents chronostratigraphiques des deux membres 
basaux d'Eldon et un equivalent lithostratigraphique plus ancien de la Formation de Stephen dans la region 
de Field manquent probablement au niveau de ce contact. 

La discordance proposee au-dessous de la Formation de Stephen dans la region de Brussilof represente 
un intervalle de temps suffisant pour avoir permis la formation d' evaporites et la preparation du sol prop ices 
a la mise en place du minerai. La faune a P. gibbus presente dans la Formation de Stephen temoigne d'une 
transgression ulterieure abrupte. Les fossiles et leur mode de conservation indiquent un taux de salinite 
correspondant a celui de la pleine mer, et une sedimentation se produisant au-dessous de la base des vagues. 

I British Columbia Ministry of Energy, Mines and Petroleum Resources, Victoria, British Columbia V8V lX4 
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INTRODUCTION 

The Brussilof mine is located in the southern Canadian Rocky 
Mountains (Fig. 1). By 1990, 1,015,200 metric tons of 
magnesite had been produced (British Columbia Ministry of 
Energy, Mines and Petroleum Resources, 1990) at this mine. 
The magnesite at the mine site and three other showings in 
the area was discovered during the mapping of the 
Kananaskis Lakes areas by G.B. Leech (1979). Later research 
on the magnesite has been published by Simandl and 
Hancock, 1991, and Simandl et al. (in press). 

The magnesite is hosted by the Middle Cambrian 
Cathedral Formation near the formation's westernmost 
margin. The overlying Stephen Formation is thin compared 
to the Stephen to the northwest, where it also overlies 
Cathedral platform carbonate rocks. The depositional 
relationship between the Cathedral and the Stephen in the 
Brussilof mine area has not been discussed previously, 
despite the large number of magnesite showings a short 
distance below the Cathedral/Stephen contact. 

Recognition of the Middle Cambrian formations in the 
Brussilof area is based upon their lithologies, relative posi
tions in alternating clastic and carbonate pairs (Grand Cycles 
of Aitken, 1966), and their presence in nearby areas. In this 
paper we focus on the Cathedral/Stephen and the Stephen/ 
Eldon contacts, which we accept as being valid as currently 
mapped. However, the identification of fossils, collected 
recently across the Stephen/Eldon contact, in the Brussilof 
Mine area, date the contact as considerably younger than the 
same contact to the northwest. In this report, we assess the 
age of this contact, and the thinness of the Stephen Formation, 
in terms of their possible relationship to the ore deposits. 

GENERAL GEOLOGY 

Near the west margin of the Cathedral Formation (Fig. 2) an 
assumed fault (north trending) divides the area into two 
distinct subareas. The subarea west of the (?)fault is underlain 
by the thin bedded, slope and basinal deposits of the 
Chancellor Formation. These Middle and lower Upper 
Cambrian strata are folded and belong to the outer detrital belt 
(see Fritz, 1991, for depositional belts). To the east of the 
(?)fault mearly flat-lying inner detrital and middle carbonate 
belt strata occur. These strata are generally thicker bedded 
and less deformed, and are (except for the Lower Cambrian 
Gog Group) of Middle Cambrian age. These formations and 
their local thicknesses are as follows (Simandl and Hancock, 
1991; in ascending order): Gog Group, upper 250 m exposed; 
Naiset Formation, 65-70 m; Cathedral Formation, 340 m; 
Stephen Formation, approximately 16 m; undivided Eldon 
and Pika formations, approximately 500 m, with basal black 
limestone unit, approximately 50 m; Pika Formation, not 
measured; Arctomys Formation, not measured. 

Near the Brussilof mine the Cathedral Formation is pre
dominantly dolomite (Simandl and Hancock, 1991; Simandl 
et aI., in press). Textures suggest that some of the dolomite 
originally contained gypsum disks. Brecciated areas have 
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been cemented with coarse, white dolomite. Pyrite is com
mon, either in disseminated form or in pods and veins. Sparry 
carbonate is present in the Cathedral, Eldon, and Pika 
formations. The high-grade sparry magnesite was found in 
the Cathedral Formation adjacent to the formation's western 
margin. 

The stratigraphic section shown in Figures 2 (location) 
and 3 contains only one prominent shale unit (Stephen 
Formation), and only one fossiliferous interval that starts 
3.5 m below the top of the Stephen and extends 2.0 m into the 
Eldon. Described sections in the southern part of the area, 
near Miller Pass (Stewart, 1991, Section 12), and in the 
northern part of the area and 37 km to the northwest (Aitken, 
in press, composite sections AC 102-ACI03 and 
AC 53-AC55), illustrate a similar stratigraphic succession, 
with the Stephen between the Cathedral and Eldon 
formations. 

PALEONTOLOGY AND CORRELATION 

The fossils from the Mt. Brussilof section (plate 1) are 
identified as follows: Diagoniella sp., Ehmaniella sp., 
Elrathina sp., Lingulel/a sp., Lejoypge seminula (White
house), Peronopsis fal/ax (Linnarsson), Peronopsis inter
stricta (White), Peronopsis amplaxis? Robison, and Ptycha
gnostus gibbus (Linnarsson). 

RADIUM 
HOT. 
SPRINGS 

15 kilometres 

57'30' 

BANFF. 

Figure 1. Locality map showing the Brussilof magnesite mine 
area, and its position relative to the Kicking Horse Rim 
(stippled pattern). Abbreviated localities are: WQ, Walcott's 
Burgess Shale Quarry; ST2 and ST3, sections measured by 
Stewart (1991) in the Field area; AC1 02-AC1 03 and 
AC53-AC55, and AC103, composite section measured by 
Aitken (in press, AC1 03 is off the map and a short distanceto 
the east); ST12, section by Stewart (1991); SH1, section 
shown in Figure 3. 



W.H. Fritz and G.J. Simandl 

., . . . . , ~-«11 

., '.- 0 66~t {. . " , ... /" 'll 
. " .J. . ., 'M \1;. 

5 } . I "1' l . . . / .. " . t ~ 0 ~ 

Y 
i :' \\ I: : :14/: : :-: : 1" / . . 
•• 1 \,\ ••• •• •• 1' • • '\ . . .." 
. . \ \ '\ . . . . . . ~ . . ... " _ J' . ,f • 

, ••• 1 t ......... : .. - .. . !""'l" •••••• ' •• 
. ••••• • • .1 2 \ '- _ -:.. -_ -..:.. - - '_' ..:..' . . . . . .'. . .. !t........ .", .. oj J I ( - -...... - -. - .J ~.f 

~: . : 3 : :4. ~ :,'-:;::' '" . . _ 1_ -: - . . - - . ."':. -:. 7" ,;. ::. -
I'·· I" "" I _- __ 1 .... . .. .... ,,, 1 .... _ , 

/ . "'- - -_ ...... - _ .-.-.-.""' .... - - ---=-- ~ -If\.7\ ':-'" / ,*' , __ _ 

A .... '-2 -~ . . ., . .. .,;.- . ........ -_ .... 
'" • .... '" ' . I " r " - 4'" _ ..... 

_ " " r- .... , t • Mt. Alcantara "_. 
" . ::".'::::~~ : ' (-75. 7 " 0 

1 "" "'_.-. ........... "; : \ " I 
o .... ""/-. -.. '\' . . 1 W..J 5 ,6, 

.~ ,------. . . / "4 -" 'I 

7 

5 ~ 1<:-:-: :::: ;' a:,.''- " }-

'" : : : :3::/ "','-'" ",-;S-'" ly 
7 ~ '. _ --:.$.tr~: : : : '" \ Mt. IB~ussilof _~~!I 

o / . . . . , . lJ:, ... "'...... / 
. . . . ...... 'f 'Cr-e-ei<:' .•.•••• '- -.... I . , 

:: :: :: :':':-:-:: ::..,':.:> .... 5 A'" , I / \ 

, 

. ... ~ .. . .. ... : .... ~. 'I, I 6, I 
• '" ..... . - - .....I . _,/ I '6 I 
:::.®0-)05097- .... ,_~ 6 ,'\.' f.: 
: : : ~ 0-1-0509'6 0-105099" \ .~ 
:: :: ~~.~0-1 05255' to 0-105262 \ '.... ~ 
· . . . \. 0-105685 to 0-105687 '" J .. \ 
· ' : "'" "'Section 6 ;, . . ... : . 6 ,,1 

. . . . . . ": 1 0 cat Ion - - - _" I · . 3 ... .4 
.' .. . . . .. "'\ I . . . . . . . . . ".. , " .. . . .. .. ' '" 

7 

5 
- -

River 

~- ..... ® 
.. : : : : .. ~;~ : '~'®.-O- 1050\98 

So. F·~: : : ::: :: :s.s. : .F'-...,-
'if.? 0 1 051 00 . . . . . . . ., .. ": .. ' ~ - .. . ........ . ...... ..... ...... 

.... , '" - j , \ , 

7 

~ ............ ~......... / / 

.~.: : ('~4 ........ · _ , : __ " 
\, . :\.... 1 o 

, . ~ 

, I \ 

l I ,) 

---

6 

2 
\ . ~ 

... ::~ .. ~ .. , .... --- -
.. .,. .. " kilometres 

LEGEND 
MIDDLE AND UPPER 
CAMBRIAN 

7 Chancellor Formation 
6 Arctomys Formation 
5 Eldon and Pika formations 

(undivided) 
4 Stephen Formation: 

(defined: -, 
approximate: - -, 
assumed : , •• , ) 

13 :::1 Cathedral Formation 
2 Naiset Formation 

LOWER CAMBRIAN 

Gog Formation 

® Fossil location 
Fault andlor facies change 
(approximate: -, 
assumed: ••• ) 
Formational contact 
Fault 

~ Mine 
River 
Stream 

Figure 2. Geological map of the Brussilof magnesite mine area. Map units are: 
1 - Gog Group; 2 - Naiset Formation; 3 - Cathedral Formation; 4 - Stephen 
Formation; 5 - Eldon-Pika formations; 6 - Arctomys Formation; 7 - Chancellor 
Formation. (Map adapted from Simandl and Hancock, 1991 .) 
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Figure 3. Stratigraphic section. Location shown on Figure 2. Ptychagnostus gibbus Zone fossils are 
from the interval 3.5 m below to 2.0 m above the Stephen/Eldon formational contact. Geological Survey 
of Canada localities from this interval are 0105096 to 0105099,0105255 to 0105262, and 0105685 
to 0105687. 
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The Field area, located 65 km northwest of the Brussilof 
mine area, offers the best opportunity for correlating 
Brussilof fossils, as its fossil succession has been studied in 
detail (Rasetti, 1951; Fritz, 1971; unpub. GSC reports). 
Lithological units and faunas, in the Field area, bearing upon 
the present correlation are shown in Figure 4. The upper 
Stephen, to be formally named the Waputik member (Aitken, 
in press), contains the Ehmainella burgessensis fauna 
(Rasetti, 1951). The overlying lower Eldon nodular limestone 
unit, herein referred to as the "lower black band", contains the 
Bathyuriscus adaeus fauna (Rasetti, 1951; amended by Fritz, 
1971). Above the lower black band is a considerable 
thickness of barren Eldon dolomite that is in tum overlain 
near the middle of the formation by a second "black band", 
to be described formally as the Field member of the Eldon 
Formation (Aitken, in press). A gross environmental 
interpretation of the above units, based upon their lithology 
and fossils, is as follows: Waputik member, inner detrital belt; 
Eldon "lower black band", upper slope; Eldon lower dolomite 
unit, middle carbonate belt; and Eldon Field member, upper 
slope . 

The presence of Lejopyge seminula and Ptychagnostus 
gibbus in the Brussilof collections is considered justification 
for placing them in the basinal Ptychagnostus gibbus Zone, 
which is equivalent to the upper part of the middle and inner 
detrital belt Bathyuriscus-Elrathina Zone. In the Field area, 
the Field member belongs ot the P. gibbus Zone (Robison, 
1982). An older, long ranging genus, Pagetia, which is com
mon is slope deposits, is absent form the Brussilof collec
tions, suggesting that these fossils occur above the range of 
Pagetia. Pagetia is absent from the Field member as well, but 
is present in the underlying lower black band and Waputik 
mem ber (Rasetti, 1951; Fritz, 1971). In the Field and 
Brussilof areas, the Stephen/Eldon contact is gradational. In 
the Brussilof area, the P. gibbus fauna is equaIJy abundant in 
the upper Stephen medium brownish grey shale (typical 
Stephen lithology) and the lower Eldon dark grey limestone. 

The facts that the exoskeletons of many of the agnostoid 
trilobites and associated ptychoparioid trilobites have 
remained intact, and that the Diagoniella sponge spicules 
have retained their orientation with respect to each other, 
indicate deposition below wave base. 

INTERPRETATION OF THE STEPHEN/ 
ELDON AND CATHEDRAL/STEPHEN 
CONTACTS 

If the fossiliferous Stephen/Eldon boundary strata in the 
Brussilof section are indeed equivalent to the Field member 
in the Field area, and if the underlying (12.5 m) portion of the 
Stephen is the same age, then a hiatus exists at the 
Cathedral/Stephen contact (Fig. 4). The missing time 
represented by this hiatus is equivalent to the time required, 
in the Field area, for the deposition of the Waputik member, 
the Eldon lower black band, and the overlying Eldon dolomite 
member (pre-Field member). In addition, if an unconformity 
exists in the Field area between the Waputik member and the 
Cathedral Formation, as suggested by Deiss (1940), Rasetti 
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(1951), McIlreath (1977), and Fritz (1971,1990,1991), then 
a further increment of depositional time is probably missing 
below the Stephen Formation in the Brussilof area. 

It could be argued that the Ptychagnostus gibbus Zone 
fossils are "facies fossils" and that the strata below these 
fossils are equivalent to the zone elsewhere, where the range 
is fully extended in strata deposited under optimal, basinal 
conditions. The lower black band, however, was deposited 
under conditions similar to those associated with the Field 
member, but carries a different (older) fauna, including the 
older agnostis Peronopsis columbiensis Rasetti. 

It could also be argued that the time equivalent of the three 
missing units in the BrussilofMine area is represented by the 
(thus far) barren 12.5 m of Stephen Formation below the 
Ptychagnostus gibbus fauna. This cannot be refuted, but 
seems unlikely to the authors. 

Finally, it could be argued that, in the Brussilof mine area, 
the upper Cathedral Formation is younger than in the Field 
area, and that this younger part of the Cathedral Formation is 
the time-rock equivalent of the three Field stratigraphic units 
considered as "missing" in the unconformity interpretation. 
This also seems unlikely on the grounds of regional relation
ships. The strata and their mutual relationships (shown in 

CII NW Field Area 
c 
o N ~~ ______ L-____ -L ______ _ 

~ ~-=~~==-,==~~=r-=~-
111 
~ r-------'---r 
Lu • r.~.-~--.-~~~~~~~ .c: 
~ ~~ __ ~-L~L--L __ ~~ __ ~~~ 

CQ 

CII 
C 
o 
N ~--,---L-~r-~~ 

iii 

Brussilof Area SE 

I 
P. gibbus 

I I I 
hiatus 

~ ~L-__ ~ __ L-~ __ -L __ ~ __ -L __ ,-__ L--,~~~-, __ -L __ ~ __ ~ __ " 

(5 

Figure 4. Schematic cross-section showing the correlation between the Field and 
Brussilof magnesite mine areas. The ptychagnostus gibbus Zone (basinal zone), and 
the Bathyuriscus adaeus and Ehmanieila burgessensis faunas are within the 
Bathyuriscus E/rathina Zone in the Field area. In the Brussilof area, P. gibbus Zone 
fossils are shown to cross a younger Stephen/Eldon contact than is present in the Field 
area. Thicknesses not to scale. 

Plate 1 (left) 

Figures 1-4, Peronopsis fal/ax (Linnarsson); 1 x 5.2, GSC no. 106092; 2 x 5.0, GSC no. 106093; 
3 x 4.0, GSC no. 106094; 4 x3.9, GSC no. 106095. 
Figure 5, Peronopsis amp/axis? Robison, x5.1, GSC no. 106096. 
Figures 6, 7, 15, Peronopsis interstricta (White) 6 x 5.3, GSC no. 106097; 7 x 4.1, GSC no. 106098; 
15 x 5.6, GSC no. 106104. 
Figures 8-12, ptychagnostus gibbus (Linnarsson); 8 x 5.8, GSC no. 106099; 9 x 28.7, part of Figure 
8 enlarged; 10 x 10.8, GSC no. 106100; 11 x 5.6, GSC no. 106101; 12 x 21.1, part of Figure 11 
enlarged. 
Figures 13, 14, Lejopyge seminu/a (Whitehouse); 13 x 5.7, GSC no. 106102; 14 x 3.8, GSC no. 
106103. 
Figures 16, 17, Ehmaniel/a sp.; 16 x 3.6, GSC no. 106105; 17 x 4.5, GSC no. 106106. 
Figures 18, 19, E/rathina sp.; 18 x 6.1 , GSC no. 106107; 19 x 2.9, GSC no. 106108. 
Figure 20, Diagoniel/a sp. with pygidium of P. fal/ax near centre, x2.8, GSC no. 106109. 

Figured specimens are from the following GSC field localities in the stratigraphic section (Text-fig. 3): 
1, 14, GSC loc. 105099; 2-4, 6, GSC loc. 105258; 5, 15, GSC loc. 105686; 7, GSC loc. 105260; 8-10, 
16, GSC loc. 105685; 11 , 12, GSC loc. 105255; 13, GSC loc. 105262; 18,20, GSC loc. 105261. Figured 
specimens 17 and 19 are from GSC loc. 105100 in the southern part of the area (Text-fig. 2). 
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Fig. 4) change to the southeast toward the Montania High, so 
that it is far more likely that the upper surface of the Cathedral 
would be eroded in that direction. If not eroded, then the time
rock equivalents of the Stephen and lower Eldon in the field 
area would be expected to be represented by inner detrital 
clastic rocks, and not by the clean carbonate rocks of the 
Cathedral Formation, which clearly belong to the middle 
carbonate belt. 

ORIGIN OF MAGNESITE 

Currently, two hypotheses are being considered by the 
Geological Survey Branch of the British Columbia Ministry 
of Energy, Mines and Petroleum Resources to explain the 
Brussilof magnesite mine area ore deposits. They are: 
1) formation of magnesite and/or magnesite precursors in an 
evaporitic environment, as illustrated by modem examples 
such as Coorong Lakes of South Australia (Warren, 1990) or 
Sebkha EI Melah in Tunisia (Perthuisot, 1980); and 
2) formation of magnesite by replacement of dolomitic rocks 
that mayor may not have contained gypsum. The replace
ment may be late diagenetic or epigenetic, depending on the 
source of the fluids (Simandl and Hancock, 1991; Simandl 
et aI., in press). 

In either case, pre-Stephen lowstand conditions would 
have provided a beneficial environment for magnesite forma
tion. In the second hypothesis, karsting would serve as ground 
preparation, as described by Sangster (1988) for Mississippi 
Valley-type lead-zinc deposits. Slumping and fracturing of 
the Cathedral formation near the Cathedral's seaward margin 
(Stewart, 1991) may also have contributed to ground 
preparation. 
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Geology of the Illecillewaet synclinorium in the 
Durrand/Dismal glaciers area, 
western Selkirk Mountains, British Columbia 

Maurice Colpron 1 and Raymond A. Price 1 

Cordilleran Division 

Colpron, M. and Price, RA., 1993: Geology of the Illecillewaet synclinorium in the Durrandl 
Dismal glaciers area, western Selkirk Mountains, British Columbia; in Current Research, Part A; 
Geological Survey of Canada, Paper 93-1A,p.191-198. 

Abstract: Detailed mapping of the IIIecillewaet synclinorium in the Durrand/Dismal glaciers area has 
documented regional south-to-north facies change in rocks of Lardeau Group. This facies change coincides 
with rapid thickening of the Badshot Formation and is interpreted as the expression of a fundamental 
structural feature that controlled the configuration of the sedimentary basin. 

The structure of the area is dominated by northwest-trending, southwest-verging folds and faults that 
define the IIIeciIIewaet synclinorium, and that have deformed an older pervasive schistosity and older 
east-verging thrust faults. Four plutons of Middle Jurassic age intrude these rocks along a discordant 
west-northwest trend. Structural relationships around the granitic stocks suggest that they were emplaced 
during the development of the regional southwest-verging structures, and that these structures continued 
to develop after the solidification of the plutons. 

Resume: La cartographie detaillee du synclinorium d'Illecillewaet, dans la region des glaciers Durrand 
et Dismal, a revele un changement regional de facies du sud vers Ie nord au sein des roches du Groupe de 
Lardeau. Ce changement de facies correspond a un epaississement rapide de la Formation de Badshot, et 
est interprete comme etant Ie reflet d 'un element structural majeur qui controlait la configuration du bassin 
sedimentaire. 

La structure de la region est dominee par des pIis et des failles d'orientation nord-ouest et de vergence 
sud-ouest qui delimitent Ie synclinorium d'IIIeciIIewaet. Ces structures deforment une schistosite ancienne 
et des chevauchements precoces de vergence est. Quatre plutons, datant du Jurassique moyen recoupent 
ces roches Ie long d'un axe discordant d'orientation ouest-nord-ouest. Les relations structurales autour des 
massifs granitiques suggerent qu'ils ont ete mis en place durant la periode de formation des structures 
regionales de vergence sud-ouest, et que ces structures ont continue a se ctevelopper apres la solidification 
des plutons. 

1 Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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INTRODUCTION 

The Illecillewaet synclinorium is a west-facing fold in the 
southwest flank of the Selkirk Fan structure (Wheeler, 1963), 
a segment of the zone of structural divergence that follows 
the Omineca crystalline belt and straddles the suture zone 
between North America and Intermontane "superterrane" 
(Fig. 1; Price, 1986). The stratigraphic succession involved 
in the Illecillewaet synclinorium consists of the Eo-Cambrian 
Hamill Group (Walker and Bancroft, 1929), the Lower 
Cambrian Badshot Formation (Walker and Bancroft, 1929) 
and conformably overlying Lade Peak Formation (Fyles and 
Eastwood, 1962; Zwanzig, 1973), and the Lardeau Group 
(Walker and Bancroft, 1929; FyJes and Eastwood, 1962; 
Wheeler, 1963; Zwanzig, 1973). Preliminary results, 
obtained during the summer of 1991, established that the 
Lardeau Group in the Illecillewaet synclinorium is 
gradationally intercalated, and therefore conformable, with 
the underlying miogeoclinal sequence comprising the Lade 
'Peak and Badshot formations and Hamill Group (Colpron and 
Price, 1992). These relationships are incompatible with the 
hypothesis that the Lardeau Group is tectonically inverted 
(Smith and Gehrels, 1992a) and structurally juxtaposed over 
the Hamill Group and Badshot Formation (Wheeler and 
McFeely, 1991; Smith and Gehrels, 1992b). 

This paper presents the preliminary results of additional 
detailed mapping (1 :20 000) in the northern part of the 
Illecillewaet synclinorium during the summer of 1992. The 
Durrand/Dismal Glaciers area (NTS sheets 82N/5 and 4) is 
located northeast of Revelstoke and north of the Trans
Canada Highway. It is defined, approximately, to the west 
and east by the limits of Mount Revelstoke and Glacier 
National parks (respectively), and to the north by latitude 
51024'N. 

STRATIGRAPHIC RELATIONS 

The stratigraphic relations within the Lardeau Group in the 
Durrand/Dismal Glaciers area are summarized in Figure 2. 
Three simplified stratigraphic columns outline variations 
among three broad geographic areas: 1) the Jumping Creek 
syncline between Illecillewaet River and Mount Moloch; 
2) the vicinity of Fidelity Mountain; and 3) the Downie Lake 
area (Fig. 3). 

Illecillewaet River - Mount Moloch 

The Jumping Creek syncline in the area between Illecillewaet 
River and Mount Moloch is bounded to the southwest and 
northeast by the Albert Canyon anticline and the Fortitude 
Mountain fault (Zwanzig, 1973), respectively (Fig. 3). The 
stratigraphy of the Lardeau Group in this area was described, 
in part, by Colpron and Price (1992; Fig. 2). Along both 
flanks of the Jumping Creek syncline, the Lardeau Group 
comprises three mappable units: a lower black graphitic phyl
lite (Ll), a middle green phyllite and quartzite (L2), and an 
upper sequence of intercalated grits and black phyllite (L3). 
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These three units are gradationally intercalated, and therefore 
conformable, with each other and with the Lade Peak 
Formation (LP). 

Wheeler (1963) and Zwanzig (1973) tentatively 
correlated the lower unit (Ll) of the Lardeau Group in the 
Illecillewaet synclinorium with the Index Formation in the 
Ferguson area (Fyles and Eastwood, 1962). They also 
correlated our middle and upper units (L2 and L3, 
respectively) with the Broadview Formation in the Ferguson 
area (Fyles and Eastwood, 1962). Alternatively, Read (1975) 
and 'Sears (1979) suggested that the whole of the Lardeau 
Group in the lllecillewaet synclinorium is a lateral equivalent 
ofthe Index Formation of the Kootenay Arc. We concur with 
Read (1975) and Sears (1979). 

Talc and chlorite schists, as well as a few greenstone 
bodies, occur locally in the area (not shown in Fig. 3). The 
greenstone occurrences are limited to a few localities along 
the northwest side of Tangier River and west of Tumbledown 
Mountain, and to the middle unit (L2) ofthe Index Formation. 
Talc and chlorite schists are not restricted to a specific strati
graphic horizon, nor are they restricted to a specific structure. 
They occur locally in the lower (Ll), middle (L2), and upper 
(L3) units of the Index Formation. Talc and chlorite schists 
locally appear to be gradational into each other. Their origin 
is enigmatic, but they do not appear to be slices of ophiolitic 
ultramafic rocks. 

Fidelity Mountain 

The Lardeau Group in the Fidelity Mountain area occupies 
the northeast flank of the Lanark Peak anticline (Zwanzig, 
1973), and forms the multiple fault slices and folds that define 
the Corbin Peak syncline (Fig. 3). In contrast with the area 
between IlIecillewaet River and Mount Moloch, the Lardeau 
Group in the vicinity of Fidelity Mountain comprises only the 
graphitic phyllite of the "Lower" Index Formation (Ll) and 
the grits and argillites of the "Upper" Index Formation (L3; 
Fig. 2). The "lower" and "upper" members of the Index 
Formation are gradationally intercalated, and the grits of the 
"upper" member display spectacular flame structures. These 
sedimentary structures confirm that the grits are conformable 
with, and stratigraphically overlie the black phyllite of the 
Index Formation. 

Downie Lake 

The rocks overlying the Badshot Formation (B) in the 
Downie Lake area, north of Mount Moloch, are significantly 
different from those to the south (Fig. 2). Near Downie Lake, 
the Lade Peak Formation (LP) is typically a dark grey 
dolomitic limestone that contains buff weathering dolomitic 
nodules. The contact between individual beds of light
coloured dolostone, typical of the Badshot FOimation, and 
dark grey limestone, typical of the Lade Peak Formation, is 
generally sharp, but the two rock types are gradationally 
intercalated; and therefore, the two formations are 
conformable. 
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Figure 1. Tectonic sketch map of the Canadian Cordillera showing the location of the 
Durrand/Dismal Glaciers area (modified after Douglas, 1968, and Price, 1986). 
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Figure 3. Simplified geological map of the Durrand/Dismal Glaciers area. Unit designators and patterns 
are as in Figure 2. Random dash pattern: Middle Jurassic granitic plutons. Structural data shown are 
strike and dip of dominant foliation and trend and plunge of dominant fold axes. Thrust faults have barbs 
on upthrown side; overturned thrust faults have ticks on lower plate. Other faults are steeply to moderately 
east-dipping. Geology to the north of Downie Lake is modified in part from unpublished mapping by 
R.L. Brown. Geology north of Mount Graham is modified after Wheeler (1963), and that of the Albert 
Canyon anticline, after Zwanzig (1973). SCF: Standfast Creek fault; OCF: Downie Creek fault; 
FMF: Fortitude Mountain fault; ACA: Albert Canyon anticline; JCS: Jumping Creek syncline; LPA: Lanark 
Peak anticline; FS: Fang Stock; TS: Tangier Stock; CS: Corbin Stock; LS: Lanark Stock; Ogn: Devonian 
granodiorite gneiss (Clachnacudainn gneiss); ms: undivided metasedimentary rocks. 
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The Lade Peak Fonnation is laterally discontinuous in the 
Downie Lake area (Fig. 3). It is overlain by a distinctive 
assemblage of dolostone-cobble conglomerate, dolomitic 
sandstone, and medium to dark green chloritic and calcareous 
schist (base of IA). The conglomerate unit, although un
recognized elsewhere in the Durrand/Dismal Glaciers area, 
appears to be a common unit at the base of the Lardeau Group 
to the east, in the Downie Creek map area (Brown, 1991). 
The conglomerate is overlain by light green siliceous and 
dolomitic phyllite (IA) which is in turn overlain by medium 
grey calcareous slate (L5; Fig. 2, 3). A thin and discon
tinuous, light grey dolostone unit occurs locally near the base 
of the light green phyllite unit (IA). In places, as on the west 
side of Downie Lake, the light green phyllite (IA) lies directly 
on the Badshot Fonnation, with no intervening Lade Peak 
Limestone. This relationship, and the presence of the 
conglomerate unit, suggest that, in the Downie Lake area, the 
Lardeau Group is disconfonnable over the Lade Peak and 
Badshot fonnations. 

DISCUSSION 

Throughout most of the Durrand/Dismal Glaciers area, the 
Badshot Fonnation is generally less than 300 m thick; 
however, in the vicinity of Mount Moloch, it is apparently 
more than 2500 m thick. This change in thickness may be 
due partly to structural repetition, but it coincides with the 
conspicuous south-to-north facies change in the Lardeau 
Group. This facies change is presumably the expression of a 
fundamental structural feature that controlled the 
configuration of the sedimentary basin, and probably the 
thickness of the Badshot Fonnation as well. 

INTRUSIVE ROCKS 

Four plutons intrude the IllecilIewaet synclinorium (Fig. 3). 
They are aligned along a west-northwest trend that is 
discordant with regional structures. As noted by Wheeler 
(1963, p. 17), the larger stocks exposed on the west side of 
Tangier River (Fang Stock, underneath Dismal Glacier; and 
Tangier Stock, north of Fang Rock) are unifonn hornblende
biotite porphyritic granites which contain 35-40% microcline 
phenocrysts larger than 2 cm. Those east of Tangier River 
(Corbin and Lanark stocks, respectively north and east of 
Fidelity Mountain), are medium-grained hornblende - biotite 
quartz monzonite, in which microcline phenocrysts constitute 
20-60% of the rock, and rarely exceed 1 cm. All four stocks 
contain primary epidote and sphene. The largest (Fang 
Stock) yielded an U-Pb zircon age of 168 ± 2 Ma (Brown et 
aI., 1992). 

Fang and Corbin stocks both have contact aureoles 
characterized by retrograded andalusite porphyroblasts. 
Along the southern margin of Fang Stock, relict andalusites 
are commonly larger than 5 cm long. Along the southern 
margin of Tangier Stock, marbles of the Lade Peak Fonnation 
contain an actinolite + take?) assemblage. 

196 

A few diabase and lamprophyre dykes occur in the 
Durrand/Dismal Glaciers area. Those south of Mount Durrand 
are of lamprophyric composition, contain biotite pheno
crysts, and generally strike east-northeast. Those northeast of 
Mount Durrand are fine grained diabase, and they trend north
northwest. The diabase and lamprophyre dykes postdate all 
nearby structures. 

Light green dykes, containing up to 30% plagioclase 
phenocrysts, are present in several locations around Downie 
Lake. These dykes are generally well foliated and locally 
boudinaged. 

STRUCTURAL RELATIONS 

The structure of the Durrand/Dismal Glaciers area is 
dominated by the northwest-trending, southwest-verging 
folds and faults that define the l1lecillewaet synclinorium 
(Fig. 3). These structures defonned an older pervasive 
schistosity which is locally accompanied by mesoscopic 
isoclinal folds. They also defonned older east-verging thrust 
faults that outline map-scale structures near Fidelity 
Mountain. The northwest-trending, southwest-verging folds 
change abruptly to an east-northeast orientation around the 
larger Middle Jurassic plutons (Fang and Tangier stocks; 
Fig. 3). 

Along the east flank of the Jumping Creek syncline, in the 
footwall of the southwest-verging Fortitude Mountain fault 
(Zwanzig, 1973), the dominant foliation, which parallels the 
axial surfaces of the southwest-verging folds, flattens and 
becomes moderately west-dipping. This suggests that the 
Fortitude Mountain fault postdates the development of the 
penetrative fabric and, therefore, that it fonned during the 
latter part of the evolution of the Jumping Creek syncline. 
The northwest-trending Downie Creek fault (Brown, 1991) 
shows a similar temporal relationship. In its hanging wall, 
near Downie Creek, it truncates east-trending folds which 
apparently originated as northwest-trending, southwest
verging folds, and subsequently were rotated around the 
northern margin of the Fang Stock (Fig. 3). However, farther 
south the Downie Creek fault dies out in the core of the 
Durrand Glacier anticline, which is part of the southwest
verging fold train that defines the IlleciIlewaet synclinorium. 
Thus the Downie Creek fault is concordant with the south
west-verging folds at its south end, but truncates defonned 
southwest-verging folds farther north. 

In the Downie Lake area, the dominant easterly-trending 
folds defonn a previously overturned stratigraphic sequence; 
and they, in turn, are truncated by northwest-trending, 
southwest-verging thrust faults (Fig. 3). 

Younger west-northwest trending, steeply to moderately 
dipping crenulation cleavage and open folds are superposed 
on the northwest trending structures, and are most strongly 
developed adjacent to the Fang, Tangier and Corbin stocks. 



RELATIONSHIP BETWEEN PLUTON 
EMPLACEMENT AND REGIONAL 
DEFORMATION 

The relationship between the gram tiC intrusions of the 
Durrand/Dismal Glacier area and the regional deformation, 
and, particularly, the change in orientation of the dominant 
structures around these plutons, is critical to the under
standing of the tectonic evolution of the Illecillewaet 
synclinorium. Wheeler (1963, p. 26) suggested that the 
plutons postdate the regional deformation and that the 
deflection of structures reflects forceful emplacement of the 
granites. Alternatively, Reesor (1963) proposed that perhaps 
the plutons were emplaced early in the tectonic history, and 
acted as competent, resistant masses during subsequent 
deformation. More recently, Brown et al. (1992) argued that 
the Middle Jurassic plutons postdate the dominant phase of 
deformation and that the deflection of structures may possibly 
be explained by later "rigid body rotation of the plutons". 

Our observations indicate that the granitic plutons were 
emplaced, consolidated and then behaved as rigid bodies, all 
during the progressive deformation that resulted in the 
development of the dominant, regional, northwest-trending, 
southwest-verging folds and thrust faults. The plutons 
truncate southwest-verging fold structures and the dominant 
northwest-striking foliation in their immediate wall rocks; but 
the axial surfaces of the southwest-verging folds are deflected 
conspicuously between and around the larger plutons as a 
result of strain that occurred after the plutons had 
consolidated. The axial surface of the Lanark Peak anticline, 
one of the main regional folds within the Illecillewaet 
synclinorium (Zwanzig, 1973), can be traced northwest from 
Tangier River into the anticline on the southwest side of Fang 
Rock (Fig. 3). This anticline, which is cored by limestone of 
the Badshot Formation, is wrapped around the northwest end 
of the Tangier Stock, and rotated into a northeast-southwest 
trend in the narrow gap between Tangier and Fang stocks. 

Boudinaged granitic dykes along the northern margin of 
Fang Stock, as well as incipient shear wne development 
along its southern margin, and strain shadows around the 
andalusite porphyroblasts, all suggest that significant 
penetrative strain has occurred in the surrounding rocks after 
the plutons have solidified. The Lanark Stock is cut by 
several late, brittle faults. 

Perhaps the most significant relationship is that between 
the southwest-verging Downie Creek fault and the east
trending folds north of Fang Stock (Fig. 3). These transverse 
folds are discordant with the dominant regional northwest
tending structures, and they must have been rotated into their 
east-west orientation prior to the development of the Downie 
Creek fault. However, as discussed above, the Downie Creek 
fault extends into, and is congruent with the Durrand Glacier 
anticline, which is a major component of the northwest
trending, southwest-verging Illecillewaet synclinorium. 

Thus, the granitic plutons are synkinematic with the 
earlier stages of the development of the northwest-trending, 
southwest-verging folds and faults of the IIlecillewaet 
synclinorium. But they are pre-kinematic, and acted as rigid 
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inclusions during the later stages in the development of some 
of the same regional fold and fault structures of the 
IIlecillewaet synclinorium. 

SUMMARY 

South-to-north facies changes in the Lardeau Group appear 
to coincide with the rapid thickening of the Badshot 
Formation near Mount Moloch. This suggests that deposition 
of the Lardeau Group, and probably the Badshot Formation, 
was controlled by a fundamental structural feature within the 
sedimentary basin. 

Structural relationships around the Middle Jurassic 
granitic stocks suggest that they were emplaced during the 
development of the regional southwest-verging structures, 
and that these structures continued to develop after the 
solidification of the plutons. 
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Abstract: The Horsethief Creek Group in the northern Selkirk Mountains, is subdivided into six informal 
map units: Semipelite-Amphibolite, Middle Marble, Basal Pelite, Comedy Creek, Clastic, and Upper 
Pelite. The Comedy Creek unit in the northern Selkirk Mountains is correlated with the Old Fort Point 
Formation of the Miette Group, "the marker" in the Kaza Group, and the Baird Brook division in the 
Horsethief Group of the Purcell Mountains. These correlations help define the Windermere basin, and 
place constraints on the southern extent of the Pleasant Valley Thrust. The correlations also require that 
the succession between the Middle Marble unit and the Cambrian thin 2 km between Cherub Mountain and 
Mount Shaughnessy. 

Resume: Le Groupe de Horsethief Creek situe dans Ie nord des monts Selkirk est subdivise en six unites 
cartographiques informelles, qui sont: l'unite a semipelite-amphibolite, l'unite intermediaire de marbre, 
l'unite basale pelitique, l'unite de Comedy Creek, l'unite c1astique et l'unite superieure pelitique. L'unite 
de Comedy Creek dans Ie nord des monts Selkirk peut etre correlee avec la Formation d'Old Fort Point qui 
fait partie du Groupe de Miette, «l'unite repere» du Groupe de Kaza, et la division de Baird Brook dans Ie 
Groupe de Horsethief situe dans les monts Purcell. Ces correlations aident a definir Ie bassin de 
Windermere, et a delimiter Ie prolongement sud du chevauchement de Pleasant Valley. Ces correlations 
impliquent egalement que la succession comprise entre l'unite intermediaire de marbre et Ie Cambrien 
s'amincit de 2 km entre Ie mont Cherub et Ie mont Shaughnessy. 

1 Department of Earth Sciences at Ottawa-Carleton Geoscience Centre, Carleton University, Ottawa, Ontario K 1 S 5B6 
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INTRODUCTION 

Three nomenclature schemes are applied to Windermere 
strata in south-central British Columbia and adjacent Alberta: 
Miette Group in the Rocky Mountains, Horsethief Creek 
Group in the Purcell, Selkirk, and Monashee mountains, and 
Cariboo and Kaza groups in the Cariboo Mountains (Fig. I). 
Local markers facilitate correlation of strata within each 
mountain range; however lack of stratigraphic continuity and 
paleontological control inhibit correlations between ranges. 

Ross and Murphy (1988) were the first to correlate a 
distinctive tripart unit in the Miette Group (the Old Fort Point 
Formation) with a similar unit in the Kaza Group ("the 
marker"), and interpreted it as a time stratigraphic marker, 
representing a basin wide rapid transgression. The existence 
of a regional time stratigraphic marker was supported by 
Kubli (1990) who correlated the Baird Brook division in the 
Horsethief Creek Group of the Purcell Mountains with the 
Old Fort Point Formation and "the marker". 

A tripart sequence mapped in the Cherub Mountain region 
of the northern Selkirks (this report) (Fig. 2) correlates with 
the Old Fort Point Formation, the Baird Brook division, and 
"the marker". This allows Horsethief Creek Group strata in 
this area to be correlated with Windermere strata in the 
Rocky, Purcell, Monashee, and Cariboo mountains. 
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STRATIGRAPHY OF THE CHERUB 
MOUNTAIN AREA 

Horsethief Creek Group strata in the northern Selkirk 
Mountains have been traditionally divided into three 
members: lower pelitic, middle marble, and upper pelitic 
(Brown et aI., 1978). More detailed mapping demonstrates 
there are six distinct and mappable units, named informally 
(from base to top): Semipelite-Amphibolite unit (= lower 
pelitic member), Middle Marble unit (= middle marble 
member), Basal Pelite unit (= lower subdivision of upper 
pelitic member), Comedy Creek unit (new), Clastic unit (= 
middle subdivision of upper pelitic member), and Upper 
Pelite unit (= upper subdivision of the upper pelitic member) 
(Fig. 3). All six units can be traced from Ventego Creek north 
to the Adamant pluton. All contacts examined are a mixed 
gradation, except for the abrupt upper and lower contacts of 
the Comedy Creek unit. The base of Horsethief Creek Group 
was not observed in the map area. The top of Horsethief 
Creek Group is defined by a sharp contact with overlying 
massive quartzites belonging to Hamill Group. 

Brief descriptions of the six units are presented below. 

Semipelite-Amphibolite unit 

The Semipelite-Amphibolite unit is characterized by thinly 
interbedded silver-grey semipelite and pelite, minor pink to 
grey fine grained quartzites, and occasional layers of 

N 

r 

Figure 1. Regional map showing exposures of Windermere Supergroup strata 
with the local terminology. 
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amphibolite. Semi pelitic layers have a characteristic platy 
cleavage, with a micaceous sheen. Amphibolite layers are 
either concordant or discordant with respect to bedding. 
Tippett (1976) suggested concordant amphibolites, which 
tend to be rich in biotite and gamet, may be a metamorphosed 
dolomitic carbonate, and discordant amphibolites are 
metamorphosed basalt. Sevigny (1988) used rare-earth 
element patterns, immobile-incompatible-element ratios, and 
characteristic element abundances, as the bases for 
suggesting amphibolites in the Semipelite-Amphibolite unit 
in the Monashee Mountains are metamorphosed alkaline and 
tholeiitic basalts. 

The exposed thickness of the Semipelite-Amphibolite 
unit is approximately 900 m. The base was not obselved in 
the study area, however it was mapped by Poulton and 
Simony (1980) immediately to the southeast. Here the 
Semipelite-Amphibolite unit is underlain by a grey pelite, and 
then a grit dominated unit. The upper contact is a mixed 
gradation, approximately 100 m thick, with the overlying 
marble unit. For mapping purposes, the upper contact is 
defined by the first appearance of persistent carbonate-rich 
horizons. 
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Figure 2. Geology of the Cherub Mountain area. 
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Middle Marble unit 

The Middle Marble unit is characterized by thick grey calcite 
marble bands. Internally the unit is composed of zones rich 
in rusty pelites, semipelite, calcsilicates, and pure and impure 
marbles. The upper contact is a mixed gradation; for 
mapping purposes it is defined as the last bed of light grey 
calcitic marble. The unit's structural thickness is approx
imately 2000 m. 

Basal Petite unit 

The Basal Pelite unit consists of 1000 m of interbedded brown 
weathering psammite and rusty weathering, silver grey pelite. 
The psammites carbonate content increases towards the 
Middle Marble unit. Pelite beds contain abundant biotite and 
gamet, unlike pelites of the Semipelite-Amphibolite unit that 

~ 

Upper Pellte 
unit 

Clasdc unit 

i~~~~ ~ _ Comedy Creek 
unit 

Basal PeUte 
unit 

Middle Marble 
unit 

Semipellte-AmpbiboUte 
unit 

Figure 3. Schematic stratigraphic section of the Horsethief 
Creek Group in the Cherub Mountain area. 
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are at equivalent metamorphic grade (based on index 
minerals in adjacent lithologies). Grit beds, up to 5 m, are 
rare. 

Comedy Creek unit 

The Comedy Creek unit is named after its excellent exposures 
in Comedy Creek valley. Comedy Creek unit is easily 
recognized in the field, and forms a lithologically and 
stratigraphically unique succession. It can be traced 
continuously for more than 40 km along strike, always in the 
same relative stratigraphic position. 

Comedy Creek unit consists of three distinctive and 
sequential members (from base to top): lower pelite, banded 
carbonate, and upper pelite. The lower pelite member has a 
silver-grey micaceous sheen, and a characteristic slaty 
cleavage. Laminations of semi-pelite are common. The 
upper contact is a mixed gradation with brown weathering 
calcareous bands 5 to 10 cm thick. For mapping purposes, 
the contact with the overlying banded carbonate member is 
defined at the base of the first carbonate band >5 cm. Total 
thickness of this member is approximately 40 m. 

The banded carbonate member is very distinctive, and 
easily recognized. Glacial moraines containing banded 
carbonate blocks can be traced to the outcrop source. The 
base of the banded carbonate member is characterized by 
interbedded green-grey pelite with brown weathering 
calcareous layers on a scale of 5 to 10 cm. Layers of orange 
weathering carbonate (1-2 cm), and white weathering biotite 
rich semipelite, are progressively more abundant upward in 
the succession. Banding occurs at the centimetre scale. Near 
the top of this member the carbonate layers become thicker 
(l0-15 cm) and more abundant. The member is 
approximately 50 m thick. 

The contact with the overlying upper pelite member is 
abrupt. The pelite is graphitic, black, and contains abundant 
disseminated pyrite; semi pelitic laminations are common 
near its base. The upper pelite member is approximately 20 
m thick. 

Clastic unit 

The Clastic unit consists of approximately equal proportions 
of grits interbedded with rusty weathering green-grey pelites. 
The grits are massive to graded and consist of quartzite, vein 
quartz, feldspar and minor carbonate clasts, 2 to 8 mm in 
diameter. Scours are common, providing abundant tops. The 
clastic unit forms an overall fining upward succession 
approximately 1000 m in thickness. At Sonata Mountain, the 
base is marked by a lenticular horizon of pebble to boulder 
conglomerate. This horizon is not present in the Cherub 
Mountain area. 

Upper Petite unit 

The Upper Pelite unit is characterized by rhythmically 
laminated pelites having a silver-grey micaceous sheen. Thin 
brown layers (1-2 mm) of calcareous siltstone are common. 



Grits, medium grained quartzites, and psammites beds are 
common near the base of the unit. These beds thin and 
decrease in abundance upwards. The unit is approximately 
1200 m thick. 

A similar sequence of pelites is present along the eastern 
base of the Esplanade Range. 
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REGIONAL CORRELATIONS 

Comedy Creek unit allows correlations to be made between 
the northern Selkirk and the Rocky, Monashee, Cariboo, and 
Purcell mountains (Fig. 4). These correlations are discussed 
below. 
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Figure 4. Regional correlations of Windermere Supergroup strata, using the Old Fort Point Formation as a 
datum (not to scale). 
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Correlation with the Rocky Mountains 

A number of lines of evidence support the correlation of 
Horsethief Creek Group in the northern Selkirks with Miette 
Group. Most striking are the similarities in lithology and 
stratigraphic associations of Comedy Creek uni t and Old Fort 
Point Formation. Both are unique to the exposed Horsethief 
Creek Group and Miette Group, respectively. Lithologies 
and stratigraphic sequences are identical. Like the Comedy 
Creek unit, Old Fort Point Formation is characterized by a 
basal silty pelite member, a middle member of interbedded 
carbonate, dolomitic siltstone and pelite bands, and an upper 
graphitic black pelite member containing disseminated 
pyrite. 

Both Comedy Creek unit and Old Fort Point Formation 
are stratigraphically overlain by a thick succession of 
interbedded grit and pelite (Clastic unit and upper middle 
Miette Group respectively). In both areas the dominance of 
grit units is replaced over a short gradational interval by 
rhythmically laminated petite containing occasional bands of 
quartzite and grit (Upper Pelite unit and upper Miette Group 
respectively). These pelite successions are overlain by 
massive Cambrian quartzites (Hamill and Gog groups 
respectively). 

There are some noticeable differences in strata overlying 
the Old Fort Point Formation and Comedy Creek unit. The 
grits in the Clastic unit in the northern Selkirks are finer 
grained and less abundant than typically found in middle 
Miette Group. This is consistent with observations in the 
southern Selwyn Range, where grit units in middle Miette 
Group thin and become subordinate to pelites, going west 
towards the southern Rocky Mountain Trench (Grasby, 
1991). The Clastic unit in the northern Selkirks may be a 
more distal equivalent of the middle Miette Group. 

The strata underlying Comedy Creek unit and Old Fort 
Point Formation are markedly different. There is no 
widespread marble in lower Miette Group equivalent to 
Middle Marble unit. However local carbonate units have 
been described by Carey and Simony (1985), and there is 
indirect evidence in the lower Miette Group for the temporal 
existence of a carbonate platform. Large channels in lower 
Miette Group pelite are commonly filled with quartzite 
pebble conglomerates that contain large intrabasinal 
carbonate blocks up to 2.5 m across (Grasby, 1991). These 
blocks may have been derived from carbonates equivalent to 
Middle Marble unit. 

As well, there is no equivalent of the Semipelite
Amphibolite unit in lower Miette Group. However, this unit 
is known to have only local extent (Sevigny, 1988; Poulton 
and Simony, 1980). Amphibolite layers are most abundant 
in the northern Monashees (Raeside and Simony, 1983) and 
become progressively less abundant to the south, and are rare 
near the Trans-Canada Highway. Similarly, there is a 
decrease in the abundance of amphibolite layers going north 
to the Cariboos (pell and Simony, 1987). The absence of 
amphibolites in the Miette Group may be related to the lack 
of volcanic activity in the parts of the Windermere basin that 
are now east of the Rocky Mountain Trench. 
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The lithological similarities between Comedy Creek 
unit and Old Fort Point Formation, the fact that they are 
unique features in the exposed Windermere strata in both 
areas, and the similarity of the overlying stratigraphic 
succession, are strong support for the correlation of these 
two units. Stratigraphic variation between the two areas is 
thought to reflect variations in sedimentary environment 
and distribution of volcanic activity within Windermere 
basin. 

Correlation with the Monashee Mountains 

The Middle Marble and Semipelite-Amphibolite units may 
be confidently traced from the northern Selkirks, across 
Columbia River, into the Monashee Mountains near Mica 
Dam (Simony et aI., 1980). However, a succession similar 
to the Comedy Creek unit has not been reported in the 
Monashees. The Upper Clastic division of Scrip Range 
(Raeside and Simony, 1983) is the highest stratigraphic level 
exposed in the Monashees, and closely resembles lower Kaza 
Group (p.S. Simony, pers. comm., 1992). This implies that 
if a Comedy Creek unit equivalent had existed in the 
Monashees, it was likely eroded. 

Correlations with the Cariboo Mountains 

Pell and Simony (1987) traced the Middle Marble and 
Semipelite-Amphibolite units from the northern Selkirks, 
across the Monashees, and into the southern Cariboos, 
providing a primary stratigraphic link between the three 
mountains ranges. Ross and Murphy (1988) correlated "the 
marker" in the Cariboos with Old Fort Point Formation. This 
implies Comedy Creek unit is correlative with "the marker", 
providing further stratigraphic control. 

Comedy Creek unit and "the marker" both overlie Middle 
Marble unit, and occur below a clastic dominated sequence 
(Clastic unit and upper Kaza Group respectively), that is 
overlain by a thick sequence of rhythmically laminated pelite 
(Upper Pelite unit and Isaac Formation respectively). 

The main difference between the succession in the 
Cariboos and the northern Selkirks, is that the clastic unit is 
thinner, and the grits within it are not as abundant as in the 
upper Kaza. As well, there are no equivalents in the study 
area of the Cunningham and Yankee Belle formations, that 
overlie Isaac Formation in the Cariboos. This implies that in 
the northern Selkirks there is a sub-Cambrian stratigraphic 
omission greater than 1600 m, relative to the Cariboos. 

Correlations with the Purcell MountaillS 

Kubli (1990) correlated a tripart sequence in the grit 
division of the Purcell Mountains (the Baird Brook division) 
with Old Fort Point Formation and "the marker", based on 
lithological similarities and a common stratigraphic sequence. 
This implies that Comedy Creek unit is correlative with Baird 
Brook division. This correlation is supported by the 
similarity of the stratigraphic succession above the two 
units. 



Comedy Creek unit and Baird Brook division are both 
overlain by a grit dominated unit (Clastic unit and upper grit 
division respectively), that are both overlain by a thick 
sequence of laminated pelite with minor clastics (Upper 
Pelite unit and slate division respectively). The carbonate 
division in the Purcells, which overlies the slate division, was 
mistakenly correlated with the Middle Marble unit in the 
northern Selkirks by Poulton and Simony (1980) and Pell and 
Simony (1987). There are no equivalents of the carbonate 
division in the study area. 

The strata underlying the Baird Brook division and 
Comedy Creek unit are markedly different. There are no 
equivalents of the Middle Marble and Semipelite
Amphibolite units in the strata underlying Baird Brook 
division. Kubli (1990) suggested that boulder size clasts of 
dolomite in the basal pelitic division in the Purcells indicates 
the proximity of a carbonate platform. This may be a Middle 
Marble unit equivalent. The absence of amphibolites in the 
Purcells is not surprising, considering they become 
progressively less abundant south of the Monashees. 

DISCUSSION 

Pleasant Valley Thrust 

Struik (1986a,b, 1987) proposed that a west verging thrust 
(Pleasant Valley Thrust) places Kaza Group structurally 
above Middle Marble and Semipelite-Amphibolite units in 
the southern Cariboos. He correlated the Middle Marble unit 
with a Paleozoic carbonate exposed in the Cariboo lake area 
(Struik, 1982). If his interpretation, and the above 
correlations, are correct, it implies that the Middle Marble 
unit in the northern Selkirks is Paleozoic, and that Pleasant 
Valley Thrust should occur in the zone overlying the Middle 
Marble unit. This zone was examined carefully, and there 
was no evidence of a fault. We therefore conclude that 
Pleasant Valley Thrust does not extend southward at this 
stratigraphic level. Our data indicate that the Middle Marble 
and underlying Semipelite-Amphibolite unit are indeed part 
of the Hadrynian Horsethief Creek Group. 

Lateral variations in the H orsethief Creek Group 

In the Cherub Mountain area, there are approximately 3 km 
of strata separating Cambrian quartzites from the Middle 
Marble unit. Near Mount Shaughnessy, 25 km to the 
southwest, this separation is less than 800 m. Work by 
Poulton and Simony (1980) suggests that strata between the 
Cambrian and Middle Marble unit near Mount Shaughnessy 
include equivalents of the Basal Pelite unit, Clastic unit, and 
some portion of the Upper PeEte unit. As noted above, the 
grit units in the Cherub Mountain area are thinner, finer 
grained, and less abundant than equivalent units having the 
same stratigraphic position in other mountain ranges. 
Thinning and fining of the succession between the Middle 
Marble unit and the Cambrian can be attributed to a greater 
distance from the source. Some of the stratigraphic omission 
may also be related sub-Cambrian erosion. 

S.E. Grasby and R.L. Brown 

CONCLUSIONS 

The Horsethief Creek Group in the northern Selkirks may be 
divided into six units. The Comedy Creek unit is confidently 
correlated with Old Fort Point Formation in the Rockies, "the 
marker" in the Cariboos, and Baird Brook division in the 
Purcells. An Old Fort Point Formation equivalent has not 
been reported in the Monashees. 

The above correlations place some preliminary con
straints on the geometry of the Windermere basin: 1) grits 
associated with Comedy Creek unit are less abundant, and 
finer grained, suggesting that Windermere strata in the 
northern Selkirks was deposited in a more distal setting; 
2) igneous activity that formed the extensive amphibolites 
deposits in the Monashees and northern Selkirks was limited 
to strata exposed west of the Rocky Mountain Trench; 
3) Pleasant Valley Thrust does not extend south into the 
northern Selkirks; and 4) Windermere strata in the northern 
Selkirks form a conformable stratigraphic sequence. 
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Abstract: The late-synkinematic Baldy Pluton and postkinematic Midge Creek Stock intrude multiply 
deformed and metamorphosed rocks in the central Kootenay Arc. U-Pb zircon systematics display the 
combined effects of inheritance from Precambrian xenocrystic zircons and probable postemplacement 
«100 Ma) Pb loss, and consequently yield imprecise crystallization ages of I DO-ISO Ma for these intrusions. 
U-Pb dates on titanite and allanite provide em~lacement ages of 117 +4/-1 Ma for the Baldy Pluton and 
III ± 5 Ma for the Midge Creek Stock. 40 Ar/ 9 Ar age spectra for amphibole from the aureoles of these 
intrusions and the deformed "tail" of the Nelson Batholith also support a mid-Cretaceous age for these 
intrusions and elevated temperature at this time. These ages are consistent with geological field evidence, 
and imply that the penetrative deformational event, at this crustal level, culminated with the emplacement 
of these intrusions in mid-Cretaceous time. 

Resume: Le pluton syncinematique tardif de Baldy et Ie massifiintrusifpostcinematique de Midge Creek 
penetrent des roches tres souvent deformees et metamorphisees dans la region centrale de 1 'arc de Kootenay. 
La classification obtenue a I' aide de la methode U-Pb sur Ie zircon temoigne des effets combines de I' heritage 
laisse par des zircons xenocristallins d'age precambrien et par la perte probable en Pb s'etant produite apres 
la mise en place «100 Ma), et ne permet donc qu'une determination imprecise des ages de cristallisation, 
so it de 100 alSO Ma, dans Ie cas de ces intrusions. Les ages determines a I'aide de la methode U-Pb sur la 
titanite et I'allanite etablissent que la mise en place a eu lieu iI y a 117 + 4/-1 Ma dans Ie cas du pluton de 
Baldy, et iI y ~ III ± 5 Ma dans Ie cas du massif intrusif de Midge Creek. Les ages etablis a I'aide de la 
methode 40 Ar/ 9 Ar sur les amphiboles recueillies des aureoles de metamorphisme associees a ces intrusions 
et de la «queue» deformee du batholite de Nelson confirment eux aussi, pour Ie moment, \'age cretace de 
ces intrusions et la presence de temperatures elevees. Ces ages correspondent aux donnees geologiques 
relevees sur Ie terrain et laissent supposer que I'episode de deformation penetrative, ace niveau de la croOte, 
s'est termine par la mise en place de ces intrusions au Cretace moyen. 

I Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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INTRODUCTION 

The structuraVmetamorphic histo/y ofthe central Kootenay Arc 
is characterized by regional, contact, and retrograde 
metamorphic events and at least three phases of deformation, 
spanning the interval from mid-Paleozoic to Eocene time (Fyles, 
1967; Crosby, 1968; Read and Wheeler, 1976; Hoy, 1980; 
Glover, 1978; Klepacki and Wheeler, 1985; Leclair, 1988 and 
references therein). It is punctuated by three main periods of 
igneous activity which provide critical time constraints for these 
metamorphic and deformation events and have important 
implications for the tectonics of the southeastern Canadian 
Cordillera (e.g., Archibald et aI., 1983, 1984). Late-synkinematic 
and postkinematic granitoid intrusions of the Nelson and 
Bayonne Granitic suites (Reesor, 1983; Leclair, 1986) in the 
Midge Creek Area (Fig. 1) intrude a sequence of Helikian to 
Triassic strata that have experienced polyphase deformation and 
metamorphism. Two of these intrusions, Baldy Pluton and 
Midge Creek Stock, were chosen for U-Pb geochronology. 
Based on field and microstructural relationships, the emplace
ment of the Baldy Pluton occurred in the latter part of the 
penetrative deformation (Phase II) and regional metamorphism, 
whereas the Midge Creek Stock clearly truncates regional 
metamorphic zones and Phase II structures and was emplaced 
after Phase III deformation and regional uplift (Leclair, 1988). 
In this context, the geochronological results bear on the temporal 
relationships between plutonism, metamorphism, and 
deformation in the Kootenay Arc. 

The U-Pb zircon geochronology of the Baldy Pluton and 
Midge Creek Stock was first studied as part of the Ph.D. thesis 
by Leclair (1988). The initial zircon results, which are 
summarized below, reveal a pattern of discordance that did 
not yield precise emplacement ages for either of the 
intrusions. In an effort to better define these ages, a follow-up 
U-Pb study was done using igneous minerals such as titanite 
and allanite, which are free of inheritance. This paper 
describes the setting and age of the Baldy Pluton and Midge 
Creek Stock and discusses their significance with respect to 
the protracted tectono-metamorphic history of the central 
Kootenay Arc. Also, the 4oAr/39Ar ages of hornblende from 
six samples and biotite from one sample are reported. 

GEOLOGICAL SETTING AND 
FIELD RELATIONS 

The Kootenay Arc of the southeastern Canadian Cordillera is 
essentially a west-facing homocline of metamorphic rocks, 
with an aggregate thickness of about 20 km (Fig. I). 
Neoproterozoic to Triassic strata, which comprise the 
stratigraphic sequence, have been complexly deformed, 
regionally metamorphosed, and intruded by granitoid plutons 
during the Jura-Cretaceous Columbian Orogeny (see Price, 
1981; Archibald et aI., 1983; references therein). In the 
regional tectonic framework, the Kootenay Arc is roughly 
coincident with the boundary zone linking the paleo
continental margin of North America to the leading edge of 
allochthonous terranes (see Wheeler and McFeely, 1991). 
The Midge Creek Area (Leclair, 1986; Fig. 1) includes the 
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natTOwest, central segment of the Kootenay Arc, suggesting 
that it is perhaps the most highly deformed and attenuated patt 
of this arcuate tectonostratigraphic element (Leclair, 1983). 
It is characterized by intense penetrative deformation asso
ciated with tight to isoclinal coaxial folds and intermediate
pressure regional metamorphism (0.55-0.70 GPa) locally 
superimposed by lower-pressure contact aureoles related to 
mesozonal granitoid intrusions of the Nelson and Bayonne 
Granitic suites (Leclair, 1988). These intrusions and/or their 
contact aureoles crosscut major north-northeast-striking 
faults such as the Seeman Creek and Midge Creek faults 
(Fig. 2). The Seeman Creek Fault is part ofa composite fault 
zone extending along the Kootenay Arc for at least 150 km. 
It has been interpreted as the basal detachment ofa large-scale 
thrust nappe that separates the autochthonous North 
American Terrane on the east from the parautochthonous 
Kootenay Terrane to the west (Leclair, 1984, 1990). 

Baldy Pluton 

The Baldy Pluton, considered by Little (1960) to be part of 
the Jurassic Nelson Granitic Suite, is a 35 km long and 
structurally concordant, sill-like intrusive body that extends 
obliquely across the Midge Creek area (Fig. 2). It intrudes 
lower Paleozoic strata of the Hamill and Lardeau groups. The 
contact zone of the pluton contains numerous lenticular 
inclusions of country rocks several metres long. The northern 
part of the pluton, at least, is bordered by a narrow sillimanite 
zone, with the common assemblage garnet-sillimanite
biotite-muscovite-quartz-plagioclase. A foliation with in the 
pluton, which is defined by ellipsoidal segregations of fine 
grained quartz and plagioclase and the alignment of biotite 
flakes and flattened mafic clots, parallels the main fabric (S2) 
in enclosing strata. Both field and microstructural 
relationships suggest that emplacement of the Baldy Pluton 
occurred late-synkinematically with respect to the penetrative 
deformation (Phase II) and sometime after the intermediate
pressure regional metamorphic event (Leclair, 1988). Mineral 
assemblages in the contact aureole suggest emplacement at 
crustal levels commensurate with paleopressures between 
0.35 and 0.55 GPa. 

Midge Creek Stock 

The Midge Creek Stock of the Bayonne Granitic Suite is a 
structurally discordant, teardrop-shaped pluton which covers 
a 12 km2 area and has a high magnetic relief signature. It is 
clearly emplaced athwart the regional structural grain and cuts 
or deforms the strong and pervasive north-northeast-trending 
fabric (S2) in enclosing stratified rocks of the Windermere 
Supergroup and Hamill Group (Fig. 2). Only the north
westernmost margin of the stock displays a well developed 
foliation which is concordant with the trend of structures in 
adjacent Hamill Group strata. The sharp contact of the stock 
dips steep to vertical, cutting across layering in the country 
rocks at a high angle. Rare metasedimentary inclusions and 
pegmatite dykes occur along the margin. The Midge Creek 
Stock truncates regional-metamorphic isograds, super
imposing a lower-pressure contact aureole containing 
andalusite and sillimanite on the regionally metamorphosed 
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Figure 1. Generalized geological map of the Kootenay Arc and surrounding area showing the distribution 
of tectonostratigraphic assemblages and the main structural elements of the southeastern Canadian 
Cordillera (after Tipper et aI., 1981 ; Wheeler and McFeely, 1991). The Midge Creek area is outlined. 
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Figure 2. Simplified geological map of the Midge Creek area, central Kootenay Arc (Leclair, 1986; as 
modified from Rice, 1941; McAllister, 1951; Little, 1985). The locations and ages of U-Pb and 4oAr/39Ar 
samples are shown. Annotations for U-Pb samples are: Z=zircon, A=allanite and T=titanite. Annotations 
for 4oAr/39Ar samples are: H=hornblende, B=biotite, T-F=total-fusion age and S-H=step-heating 
integrated age. See text for discussion. 



country rocks. Porphyroblast-matrix microstructural relation
ships suggest that contact-metamorphic minerals crystallized 
in a tectonically donnant environment at crustal levels within 
the 0.25-0.35 GPa range (Leclair, 1988). A period ofregional 
cooling (-100°C) and uplift (7-10 km), concurrent with Phase 
III defonnation, is inferred to have occurred before the 
emplacement of the Midge Creek Stock. 

U-Pb GEOCHRONOLOGY 

Sample descriptions 

Baldy Pluton 

The dominant phases of the Baldy Pluton are strongly 
foliated, leucocratic, medium grained biotite granodiorite and 
tonalite. They have an allotriomorphic texture with minor 
mynnekite, and display some degree of recrystallization in 
the form of polygonal subgrains of quartz and plagioclase. 
Common K-feldspar megacrysts are locally augen-shaped 
and normally 2 cm long, but may reach 5 cm. Plagioclase 
grains, 2-3 mm long, exhibit a weak preferred orientation. 

A.D. Leclair et al. 

They have a composition around An30 and are slightly 
sericitized. Quartz occurs as discrete irregular phenocrysts, 
averaging 0.5-2.0 mm in diameter, or as small grains 
«0.3 mm) in segregations with plagioclase. Potassium 
feldspar consists mainly of interstitial anhedra less than 
1.5 mm in diameter with good cross-hatched twinning. Mafic 
clots are composed of chlorite-altered biotite, poikilitic 
epidote, and minor sphene. Allanite cores with epidote rims, 
zircon, apatite, calcite, and opaques together make up less 
than 1 % of the rock. Muscovite and garnet are rare. 

The U-Pb dating sample (L882RA-I-83) of the Baldy 
Pluton lies in the northern part of the pluton (Fig. 2). It is a 
medium grained, foliated leucotonalite with about 15% 
biotite, rare 3 cm long K-feldspar megacrysts, and elongated 
clots of biotite, epidote, and titanite that define a shallow 
south-southwest plunging lineation. 

Midge Creek Stock 

The Midge Creek Stock consists mainly of massive, medium
to coarse-grained leucogranodiorite with biotite, muscovite, 
epidote, and minor titanite and allanite. It shows strong 
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mineralogical and compositional affinities to the Bayonne 
Batholith which is part of the same suite of granitic rocks. The 
granodiorite has a hypidiomorphic granular texture with rare 
phenocrysts of plagioclase, quartz and/or K-feldspar. 
Plagioclase occurs as subhedrallaths, 0.5 to 5 mm long, which 
are normally zoned from An40 to An27 and slightly altered to 
sericite and epidote. Quartz is anhedral, 0.1 to 4 mm in 
diameter and weakly strained. Interstitial K-feldspar grains, 
up to 7 mm long, display minor perthitic textures and may 
include quartz and plagioclase. Slightly chlorite-altered 
biotite forms clusters with muscovite, epidote, and titanite. 

Muscovite flakes «1 mm long) are commonly enclosed in 
plagioclase, but also occur in the groundmass. Discrete 
anhedra of epidote are spatially associated with biotite. 
Accessory minerals include apatite, coarse titanite, allanite, 
zircon, opaques, and local garnet. 

The dated rock sample (L873RA-I-83) of the Midge 
Creek Stock was collected about 500 m from its southeastern 
contact (Fig. 2). It is a weakly foliated, fine- to medium
grained leucogranodiorite including approximately 20% 
muscovite, biotite, and epidote. 
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Table 1. U-Pb analytical data for Baldy Pluton and Midge Creek stock 

sample,·· wt. #, 
analysis (mg) 

Baldy Pluton. sample L882RA-I-83 

litanile 
TI,clr 

T2,cJr 

T3 ,cdy 

T4,cir,sa 

T5,cir,sa 

allanile 
AI 

A2 

A3 

zircon 

A 

B 

C 

D 

E 

F 

G 

0.104 78.80 1.803 III 106 0.36 

0.219 88.94 1.898 119 224 0.31 

0.361 82.41 1.720 106 392 0.28 

0.138 85.33 1.871 121 132 0.34 

0.115 68 .58 \.656 85 139 0.46 

0.307 186.4 36.81 41 3058 11.06 

0.290 171.8 33 .24 39 2868 10.75 

0.335 199.5 36.35 40 3652 10.11 

0.01890 ± 0.30 120.7 ± 0.7 

0.01830 ± 0.42 116.9 ± 1.0 

0.01825 ± 0.61 116.6 ± 1.4 

0.01833 ± 0.46 117.1 ± \.1 

0.01852 ± 0.70 118.3 ± 1.6 

0.01883 ± 2.43 120.2 ± 5.8 

0.01893 ± 2.60 120.9 ± 6.2 

0.01884 ± 2.49 120.3 ± 5.9 

0.367 1029 

0.184 933 .2 

0.210 900.8 

0.192 877.6 

0.574 790.3 

0.879 738.2 

0.580 1046 

45.87 9091 115 

30.02 9787 36 

29 .67 16844 23 

30.27 15343 24 

34.57 3410 83 

24.17 3410 145 

38.95 14453 98 

0.087 0.04407 ± 0.15 278.0 ± 0.8 

0.064 0.03292 ± 0.15 208 .8 ± 0.6 

0.080 0.03318 ± 0.15 210.4 ± 0.6 

0.074 0.03478 ± 0.16 220.4 ± 0.8 

0.092 0.04335 ± 0.20 273.6 ± 1.0 

0.086 0.03284 ± 0.20 208.3 ± 0.8 

0.085 0.03723 ± 0.19 235.6 ± 0.8 

Midge Creek Stock. sample L873RA-I-83 

allanite 
AI 0. 127 282.7 

0.179 269.6 

39.72 

39.64 

34 2588 

34 3557 

8.01 0.01790 ± 3.66 114.4 ± 8.3 

8.46 0.01783 ± 3.04 113.9 ± 6.9 

207Pb++ 
235iJ (Ma) 

0.1280 ± 1.06 122.3 ± 2.4 

0.1199 ± 1.38 114.9 ± 3.0 

0.1228 ± 1.90 117.6 ± 4.2 

0.1218 ± 1.53 116.7 ± 3.4 

0.1245 ± 2.30 119.2 ± 5.2 

207Pb + + corr. 207Pb'" 
206Pt; coef. 206Pt; (Ma) 

0.04910 ± 0.89 0.67 153 ± 42 

0.04752 ± 1.13 0.69 75 ± 53 

0.04881 ± 1.54 0.69 139 ± 73 

0.04819 ± 1.27 0.68 109 ± 59 

0.04878 ± 1.88 0.69 137 ± 88 

0.1193 ± 8.23 114.4 ± 17.8 0.04596 ± 6.790.69 -4 ± 332 

0.1201 ± 8.65 115.1 ± 18.8 0.04600 ± 7.10 0.69 ·2 ± 347 

0.1180 ± 8.36 113.3 ± 17.9 0.04544 ± 6.87 0.69 ·32 ± 338 

0.5397 ± 0.17 438 .2 ± 1.2 0.08884 ± 0.04 0.97 1400 ± 1.6 

0.3298 ± 0.17 289 .4 ± 0.8 0.07255 ± 0.040.97 1004 ± \.6 
0.3420 ± 0.17 298.7 ± 0.8 

0.3775 ± 0.17 325.2 ± 1.0 
0.5095 ± 0.20 418.1 ± 1.1 

0.3548 ± 0.20 308.3 ± 0.8 

0.3995 ± 0.20 341.3 ± 1.2 

0.1258 ± 21.1 120 ± 48 

0.1314 ± 9.9 125 ± 23 

0.07475 ± 0.04 0.97 1062 ± 1.6 

0.07872 ± 0.04 0.98 1165 ± 1.6 
0.08524 ± 0.06 0.95 1321 ± 2.2 

0.07835 ± 0.06 0.95 1156 ± 2.0 

0.07782 ± 0.04 0.98 1142 ± 1.6 

0.05096 ± 19.1 0.61 240 ± 975 

0.05345 ± 8.2 0.65 348 ± 380 A2 

zircon 
A 0.496 1271 

1.406 1338 

0.652 1884 

0.034 1447 

0.271 1440 

0.367 1246 

0.130 3156 

43.22 3763 86 0.092 0.03383 ± 0.20 214.5 ± 0.8 0.3674 ± 0.20 317.7 ± 0.8 0.07876 ± 0.06 0.95 1166 ± 2.0 

B 

C,a 

D 

E 

F 

G,cdy 

43.00 8989 125 

59.47 8062 301 

36.39 3754 22 

46.60 20500 39 

41.52 21452 44 

100.9 1791 46 

0.082 0.03224 ± 0.20 204.5 ± 0.8 

0.093 0.03142 ± 0.19 199.4 ± 0.8 

0.051 0.02612 ± 0.18 166.2 ± 0.6 

0.080 0.03255 ± 0.16 206.5 ± 0.6 

0.090 0.03316 ± 0.16 210.3 ± 0.6 

0.101 0.03171 ± 0.15 201.2 ± 0.6 

0.3471 ± 0.20 302.5 ± 0.8 

0.3243 ± 0.20 285 .2 ± 1.0 

0.2498 ± 0.19 226.4 ± 0,8 

0.3437 ± 0.17 300.0 ± 0.8 

0.3572 ± 0.17 310.1 ± 1.6 

0.3151 ± 0.18 278.1 ± 0.8 

0.07809 ± 0.06 0.95 1149 ± 2.0 

0.07488 ± 0.04 0.98 1065 ± 1.6 

0.06935 ± 0.06 0.95 909 ± 2.4 

0.07659 ± 0.04 0.98 1110 ± 1.6 

0.07813 ± 0.04 0.98 1150 ± 1.6 

0.07208 ± 0.09 0.88 988 ± 3.4 

a, abraded; sa, strongly abraded to less than 0.5 of original crystal diameter; clr, clear; cdy, cloudy; aU other fractions are unabraded 

" Weighing error = 0.001 mg . 

+ Radiogenic Pb . 

Measured ratio, corrected for spike, and Pb fractionation of 0.09% +1· 0 .03%/AMU 

I Total common Pb in analysis corrected for fractionation and spike. 
++ Corrected for blank Pb and U, and common Pb (Stacey·Krame" model Pb composition equivalent to the interpreted age of the rock); errors are I standard error of the 

mean in percent for ratios and 2 standard errors of the mean when expressed in Ma . 

... Corrected for blank and common Pb, error. are 2 standard errors of the mean in Ma. 



Analytical procedures 

Zircon, titanite, and allanite were extracted from the crushed 
rock samples by conventional mineral separation techniques 
using a Wiltley table, heavy liquids, and a Frantz isodynamic 
separator. Hand picking of minerals ensured 100% purity of 
the mineral concentrates. Seven multigrain fractions of zircon 
were hand picked from each rock sample, five of which consist 
of clear, euhedral, crack-free crystals. Two fractions of zircons 
with clearly visible cores (inherited zircons) were analyzed. 
Some crystals were abraded using the technique of Krogh 
(1982), as indicated in Table I. Zircon fractions were 
chemically dissolved and analyzed following procedures 
outlined in Parrish et al. (1987). Several multigrain fractions 
of titanite and allanite were also analyzed, using procedures 
outlined in Parrish et al. (1992); a few of the titanite fractions 
were strongly abraded, as discussed below. Analytical blanks 
during the study ranged from 15 to 40 picograms Pb and 
<30 picograms V, except for a few of the earliest analyses of 
zircon which were somewhat higher. Common lead correc
tions utilized the Stacey and Kramer (1975) two-stage model, 
with a model Pb age of 115 Ma. Data is tabulated in Table I 
and shown in concordia plots of Figures 4 and 5, below. 

Results 

The zircon population in each sample consists of colourless 
to light brown, euhedral to subhedral, equant to elongate 
prismatic, clear zircons with some crystals containing a high 
percentage of core material (Fig. 3). The data sets are 
generally quite similar. In each case, all seven zircon points 
are notably discordant and noncolinear within analytical 
uncertainty, with both abraded and non-abraded fractions 
plotting along, or close to, the same array. There is no doubt 
that even the "clear" zircons contained substantial amounts of 
inherited core material. The zircons have discordant V-Pb 
ages of208-438 Ma for the Baldy Pluton and 166-318 Ma for 
the Midge Creek Stock. The data sets form scattered arrays 
reflecting inheritance of Precambrian zircon, with no apparent 
correlation between degree of inheritance and percentage of 
visible core material (compare Fig. 3 and 4). We consider the 
effects of radiation-damage Pb loss to be quite minor. 

The preponderance of an inherited component and the 
scattered array precludes determining a precise crystallization 
age from zircon for either sample. A regression of the most 
colinear zircon data points from each sample produces a 
discordia line with lower intercept ages of 144 ± 24 Ma for 
the Baldy Pluton and 1 12 ± 20 Ma for the Midge Creek Stock, 
as initially stated in Leclair (1988). These ages were 
provisionally considered the approximate time of emplace
ment of the two intrusions, and though imprecise, they appear 
to be consistent with the field relationships. The average age 
of inherited Pb from an older crustal component is in the 
1.5-2.2 Ga range. 

The additional, more recently obtained, V-Pb data from 
titanite and allanite remove some of the uncertainty about the 
magmatic age of these two intrusions. In both cases, almost 
all mineral fractions consisted of clear and euhedral grains, 
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with minor inclusions. All of the five titanite fractions and 
three allanite fractions from both the Baldy Pluton and Midge 
Creek Stock are concordant within analytical error (Fig. 4 
and 5). In both rocks, initial V-Pb dates on titanite had a range 
in age from about I 15-1 20 Ma, suggesting that intrusion was 
of mid-Cretaceous age. This conclusion is at odds with the 
assignment of the Baldy Pluton to the Middle Jurassic 
(ca. 165-170 Ma) Nelson Suite by Little (1960) and later by 
Wheeler and McFeely (1991). Two explanations are possible, 
either the Baldy Pluton is mid-Cretaceous in age or a thermal 
event reset titanite V-Pb systematics during mid-Cretaceous 
time. 

Baldy Pluton 

To determine which of these interpretations was correct, 
allanite, which has a higher closure temperature than titanite 
(Heaman and Parrish, 1991), was analyzed to see if it was 
older. Additionally, two fractions of titanite were strongly 
abraded to less than half of their initial size to also see if a 
trend towards older ages could be discerned and therefore 
assess the "thermal resetting" hypothesis. As indicated on 
Figures 4a and 4b, the titanite and allanite analyses from the 
Baldy Pluton fall between 1 15-125 Ma. All titanites except 
analysis T5 are in agreement with an age estimated at 1 17 ± 
I Ma. The allanite analyses are essentially identical and plot 
somewhat above concordia, which can be explained by excess 
amounts of 206Pb from initially incorporated 230Th, in a 
manner analogous to Th-rich minerals such as monazite 
(Sch!irer, 1984; Parrish, 1990). The average 206Pb;238V age 
and standard error of the three allanite analyses are 120.5 ± 
3.5 Ma. If the Th/u ratio of the Baldy Pluton is near the 
average of normal igneous rocks, approximately 3, the 
correction for this excess 206Pb decreases the 206Pb/238V age 
by about 3.5 Ma for these allanites (see Sch!irer, 1984 or 
Parrish, 1990). The corrected 206Pb;238U age and standard 
error are therefore 117.0 ± 3.5 Ma, which is in perfect 
agreement with the titanite age of 117 ± I Ma. There is no 
evidence for significant dispersion of these V-Pb data toward an 
older, presumably Jurassic age, and we therefore conclude that 
the Baldy Pluton crystallized at 117 +4/-1 Ma, which takes into 
account the different uncertainties of titanite and allanite V-Pb 
data. 

Midge Creek Stock 

Allanite from the Midge Creek Stock has larger V-Pb age 
uncertainties due to the higher correction for common Pb 
(Table I; Fig. 5). Two analyses are in agreement with the 
mean 206Pb/:l38V age and standard error of 1 14 ± 5 Ma. These 
allanites have lower Th/U ratios relative to the Baldy Pluton 
allanites, and the corresponding correction for excess 206Pb 
is about 2.8 Ma, assuming a whole rock Th/U ratio of 3. 
Therefore, the corrected 206Pb;238V mean age is I 1 I ± 5 Ma, 
rounded to the nearest I Ma. We infer that this age best 
approximates the crystallization age. This slightly younger 
age is consistent with the field relationships which indicate 
that the Midge Creek Stock intruded after the Baldy Pluton. 
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Figure 3. Photomicrographs of zircons from the Baldy Pluton. a) -105+74 /JIll fraction; clear, 
euhedral, long-prismatic zircons with no cores (analysis D); b) -105+74 /JIll fraction; clear, euhedral, 
long-prismatic zircons with faint to very faint cores (analysis C); c) +105 /JIll fraction; subhedral 
zircons with 30-50% snowball cores (analysis B); d) +105 /JIll fraction ; subhedral to anhedral zircons 
with more than 60% snowball cores (analysis A) . 
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Figure 4. U-Pb concordia diagram for zircons from the biotite leucotonalite sample of the 
Baldy Pluton. Letter/numericallabels beside data points refer to analysis numbers of zircon 
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zircon fractions in Table 1. Errors shown indicate the analytical uncertainty at the 95% 
confidence level. 

40Ar;39 Ar DATING 

Analytical procedures 

Hornblende was separated from six samples for 40 ArP9 Ar 
dating to ascertain patterns of regional cooling. Three were 
collected from amphibolite dykes, two trom stratigraphic 
amphibolite units, and one trom the Procter Pluton. A detailed 
description of the samples and their geological setting is 
available elsewhere (Leclair, 1988). Biotite trom the strongly 
foliated and lineated "tail" of the Nelson Batholith (Le. south
ern part) on the western boundary of the area was also 
analyzed (see Fig. 2 for sample locations). 

Mineral separates were prepared using a Frantz magnetic 
separator, heavy liquids and, where appropriate, by hand
picking to >99.9% purity. Samples and five flux monitors 
(standards) were irradiated with fast neutrons in position 5C 
of the McMaster Nuclear Reactor (Hamilton, Ontario) for 29 
hours in two different irradiations. The monitors were distrib
uted throughout the irradiation container, and l-values for 
individual samples were determined by interpolation for 
step-heated samples and, because ofa low flux gradient, using 
the mean value for total-fusion analyses (J = 0.007359). 

Both step-heating experiments and total-fusion analysis 
of the monitors and samples were done in a quartz tube heated 
using a Lindberg tube furnace. The bakeable, UHV, stainless
steel argon extraction system is operated on-line to a substantially 
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modified, A.E.1. MS-10 mass-spectrometer run in the static 
mode. Measured mass-spectrometric ratios were extrapolated 
to zero-time, corrected to an 40 ArP6 Ar atmospheric ratio of 
295.5, and corrected for neutron induced 40Ar trom potas
sium, and 39 Ar and 36 Ar trom calcium. Dates and errors were 
calculated using formulae given by Dalrymple et at. (1981), 
and the constants recommended by Steiger and Jager (1977). 
Errors represent the analytical precision only (i.e., error in 1 
value = 0). The flux monitors which were used were LP-6 
biotite at 128.5 Ma and DA-83-48-BB biotite at 97.5 Ma. A 
table of analytical data is available from the authors upon 
request. 

Results 

Except for a hornblende date of220 Ma, which was obtained 
trom a sample with low K20 content, the total-gas ages are 
within the range of conventional K-Ar dates (75-160 Ma) 
reported for metamorphic amphiboles trom adjacent areas in 
the central Kootenay Arc (Archibald et aI., 1983). The 
resulting ages fall in the 83-161 range, corroborating a 
complex cooling history in the interval between mid-lurassic 
and mid-Cretaceous time. This range could be caused by 
argon loss or gain, or by different cooling histories. Further 
discussion of the results can be found in Leclair (1988). To 
aid in the interpretation oftotal fusion ages, two amphiboles 
from the aureoles of the Midge Creek Stock and Baldy Pluton, 
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Figure 8. 4oArf39Ar step-heating age spectra for H-11 biotite from the deformed "tail" of 
the Nelson Batholith. See text for discussion. 

as well as a biotite from the Nelson Batholith on the western 
margin of the area were step-heated. These age spectra are 
shown in Figures 6, 7, and 8. 

Hornblende L274 from the aureole of the Midge Creek 
Stock yielded a complex spectrum with a two-pulsed release 
of 39 Ar (Fig. 6). The most precise low and high temperature 
steps have dates of93 ± 2 Ma and 102 ± 4 Ma, respectively. 
Although the significance of the two dates is unclear, it is 
probable that cooling of this amphibole through the closure 
temperature to Ar diffusion took place between 91 and 
106 Ma, which closely followed the 111 ± 5 Ma emplacement 
age of the Midge Creek Stock. 

Hornblende L 734 from the aureole of the Baldy Pluton 
has a "V-shaped" spectrum typical of amphiboles that contain 
excess argon (Fig. 7). Although the integrated date (161 ± 2 Ma) 
suggests a mid-Jurassic age, the minimum date (131 ± 1 Ma 
from 3 steps representing 69% of the gas) is a better estimate 
of the time of cooling of this sample. This date is older than 
the V-Pb titanite and allanite dates and is considered to be a 
maximum for cooling through the hornblende closure 
temperature. 

Biotite H-ll (previously dated by Archibald et al., 1983) 
is from the strongly deformed "tail" of the Nelson Batholith 
and yielded a disturbed age spectrum with an integrated date 
of 110 ± 0.7 Ma (Fig. 8). The low temperature step indicates 
thermal overprinting in late Cretaceous or later time. It is 
difficult to estimate the true cooling age of this sample but the 
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highest dates (113 and 117 Ma) imply that this area cooled 
through the closure temperature of biotite in mid-Cretaceous 
or earlier time. 

DISCUSSION 

The V-Pb zircon data for the Baldy Pluton and Midge Creek 
Stock show the effects oflarge degrees of inheritance of older 
zircons and perhaps more recent «100 Ma) secondary Pb 
loss. The inherited Pb component originates from xenocrystic 
zircons of Precambrian age, which may themselves be 
discordant. These zircons may have been derived from 
sediments with a cratonic source or from Precambrian 
basement rocks that might have underlain the area at the time 
of emplacement. It appears that all zircon crystals in these 
samples possess inherited cores, whether visible or not; this 
is obvious from very small zircon fractions (10-20 crystals) 
which had petrographically clear zircons. 

The V-Pb titanite and allanite data provide more exact 
emplacement ages for these two intrusions. The 117 + 4/-1 Ma 
age for the Baldy Pluton is much younger than its previously 
postulated Jurassic age inferred from the V-Pb zircon data. The 
allanite age (111 ± 5 Ma) of the Midge Creek Stock falls within 
the uncertainty of its zircon age (112 ± 20 Ma). It is similar to 
ages of related plutonic rocks of the Kootenay Arc and 
neighbouring regions (Archibald et aI., 1983, 1984; Hoy, 1988), 
with comparable geological settings and field relations. 



The improved ages for the two intrusions remain 
compatible with field relations; however, it is necessary to 
reconsider the constraints they place on the timing of 
metamorphic and deformational events in the central 
Kootenay Arc. Combined with the geological field relations, 
the data for Baldy Pluton imply that penetrative deformation 
(Phase II) culminated in mid-Cretaceous time. The Midge 
Creek Stock, which is about 7 Ma younger, postdates much 
ofthis deformation event. The emplacement of this high-level 
intrusion into regionally metamorphosed rocks (:20.55 GPa) 
indicates minimum decompression of 0.20 GPa between the 
regional- and contact-metamorphic events (Leclair, 1988). 
This period of decompression may be relatively local and 
related to east-west shortening in this section of the Kootenay 
Arc durin~ its east-directed transport on lower thrusts of the 
foreland. 0 Ar;39 Ar results support a mid-Cretaceous age for 
these two plutons and imply that the area was still at 
moderate-to-high temperatures in mid-Cretaceous time. Part 
of the shortening and attenuation of strata may also be of this 
age. Resetting or final cooling of the "tail" of the Nelson 
Batholith can now be rationalized. 

The mid-Cretaceous age proposed here for the 
culmination of penetrative ductile deformation (D2) and 
regional amphibolite-facies metamorphism within the 
Kootenay Arc postdates previously suggested constraints of 
Jurassic age (see Smith and Gehrels, 1992). This may imply 
diachronous deformation along the Kootenay Arc between 
different structural levels. 
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Tectonic assemblages of the Eastern Coast Belt, 
southwestern British Columbia: implications for 
the history and mechanisn1s of terrane accretion 

J.M. Joumeay 

Cordilleran Division, Vancouver 

10urneay, I.M., 1993: Tectonic assemblages of the Eastern Coast Belt, southwestern British 
Columbia: implications for the history and mechanisms of terrane accretion; in Current 
Research, Part A; Geological Survey of Canada, Paper 93-1A, p . 221-233. 

Abstract: The Eastern Coast Belt straddles the boundary between the Insular and Intermontane 
superterranes in southwestern British Columbia. It is made up of fault-bounded terranes and associated 
basin successions of late Paleozoic to late Mesozoic age, and crosscutting plutons of Late Cretaceous to 
Early Tertiary age. Stratified rocks include oceanic assemblages of the Bralorne-East Liza and Bridge 
River complexes (Bridge River Terrane), island arc assemblages of the Cadwallader Group (CadwalJader 
Terrane), and associated lura-Cretaceous fine grained clastic successions of the Relay Mountain, Cayoosh, 
Brew, Ladner and Taylor Creek groups. Preliminary stratigraphic linkages between these clastic 
successions and older tectonic elements of the Eastern Coast Belt suggest that rocks of the Cadwallader 
and Bridge River terranes were overlapped by an upward-coarsening clastic succession prior to deposition 
of the Albian Taylor Creek Group and the onset of deformation in mid- and Late Cretaceous time. 

Resume: La zone de la cote orientale chevauche la limite entre Ie superterrane insulaire et Ie 
superterrane intermontagneux dans Ie sud-ouest de la Colombie-Britannique. Elle se compose de terranes 
limites par des failles et de successions de bassin associees dont J' age couvre I' intervalle s' etendant de la 
fin du Paleozo"ique a la fin du Mesozo"ique, et de plutons transversaux dont J'age se situe entre Ie Cretace 
tardif et Ie Tertiaire precoce. Les roches stratifiees comprennent des assemblages oceaniques des complexes 
de Bralorne-East Liza et de Bridge River (terrane de Bridge River), des assemblages d'arc insulaire du 
Groupe de Cadwallader (terrane de Cadwallader), et les successions c1astiques associees, de granulometrie 
fine et d'age jurassique-cretace, des groupes de Relay Mountain, de Cayoosh, de Brew, de Ladner et de 
Taylor Creek. Les liens stratigraphiques preliminaires etablisentre ces successions c1astiques et des 
elements tectoniques plus anciens de la zone cotiere orientale semblent indiquer que les roches des terranes 
de Cadwallader et de Bridge River ont ete en partie recouvertes par une sequence c1astique negative 
anthrieure a la sedimentation du Groupe de Taylor Creek (Albien) et Ie commencement de la deformation 
au cours du Cretace moyen et tardif. 
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INTRODUCTION 

Stratigraphic linkages between tectonic assemblages of the 
Eastern Coast Belt provide important insights on the history 
and mechanisms of terrane accretion along the inboard 
margin of Wrangellia, and bear directly on currently debated 
interpretations for the evolution of the Coast Belt orogen as 
a whole (Fig. 1, 2). There is general agreement that Late 

IillII Wrangellia 

~ Alexander 

~Stikinla 
• Cache Creek 

~ Quesneilia 

OCoast Plutoni 

Wrangellia 

Harrison Terrane 

Complex 

.rzJ Gambier Assemblage 

(I Cadwallader 

• Bridge River 

D Methow 

• Cache Creek 

[] Stikinia 

Jurassic and older assemblages of the Eastern Coast Belt 
(Fig. 2), which include the Bralorne-East Liza and Bridge 
River complexes (Bridge River Terrane), the Cadwallader 
and Tyaughton groups (Cadwallader Terrane) and parts of the 
Relay Mountain Group and Cayoosh Assemblage were 
stratigraphically linked by mid-Cretaceous time (110-100 
Ma). Each is unconformably overlain by fluvial and/or 
shallow marine clastic rocks of Albian age (Taylor Creek 

f 

III] Quesnellia 
'~Northwest Cascades Terranes 

o Coast Plutonic Complex 

o Metamorphic Assemblages 

Figure 1. Terranes of the southern Coast Belt. 
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Group), derived in part from emergent thrust sheets of the 
Bridge River Complex during late Early Cretaceous contrac
tional deformation (Garver, 1991). Pre-Albian linkages 
between these terranes are more tenuous. 

Middle Jurassic and younger clastic rocks, which include 
the Relay Mountain and Taylor Creek groups (Fig. 2), are 
widely distributed in the Cadwallader and Chilcotin ranges 
of the Eastern Coast Belt, and record a relatively simple 
history of deformation. They are structurally interleaved 
with fault-bounded island arc assemblages of the 
Cadwallader Terrane and with imbricated oceanic rocks of 
the Bridge River Terrane, both of which record a history of 
polyphase deformation. These observations led Rusmore et 
al. (1988) to conclude that terranes of the Eastern Coast Belt 
were amalgamated and structurally interleaved along the 
boundary between the Intermontane and Insular super
terranes in Middle Jurassic time, prior to deposition of the 
Relay Mountain Group, which they interpreted as a tectonic 
overlap assemblage. 

Recent stratigraphic and structural studies in the Chilcotin 
Range (Schiarizza et aI., 1989, 1990; Garver, 1991) have 
shown that contacts between the Relay Mountain Group and 
older terranes of the Eastern Coast Belt, previously assumed 
to be part of a regional unconformity, are instead structural 
discontinuities marked by arrays of contractional and/or 
strike-slip faults. In addition, there is no evidence of wide
spread Middle Jurassic deformation in the southern Chilcotin 
or Cayoosh ranges of the Eastern Coast Belt (Schiarizza et 
aI., 1990; Journeay et aI., 1992). Lower Jurassic shales of the 
Last Creek Formation and overlying Middle Jurassic and 
younger clastic rocks of the Relay Mountain Group share the 
same history of deformation. 

Variations in structural style that exist between the Relay 
Mountain Group and older terranes, and which have been 
cited as evidence of Middle Jurassic deformation (Rusmore 
et aI., 1988), are also documented in pre-Middle Jurassic 
rocks of the Bridge River Complex and in overlying Jura
Cretaceous rocks of the Cayoosh Assemblage (Journeay et 
aI., 1992), both of which record a history of imbricate faulting 
and inhomogeneous deformation. Documented stratigraphic 
ties between oceanic rocks of the Bridge River Complex and 
unconformably overlying fine grained clastic successions of 
the Cayoosh Assemblage indicate that parts of the "Bridge 
River ocean" remained open to marine sedimentation until 
Early Cretaceous time (Journeay and Northcote, 1992). 
These observations argue against a Middle Jurassic history of 
terrane accretion (as suggested by Rusmore et aI., 1988), but 
do not rule out the possibility that Cadwallader, Bridge River 
and Methow terranes may have been stratigraphically linked 
along the inboard margin of Wrangellia prior to final 
amalgamation and imbricate thrusting in late Early 
Cretaceous time. 

To test this hypothesis, I have focused on the stratigraphy 
and structural setting of Jura-Cretaceous basin successions 
~hat overly oceanic rocks of the Bridge River Complex and 
Island arc assemblages of the Cadwallader Group. Fieldwork 
during the 1992 season included 1 :50 000 and 1 :25 000 scale 
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mapping of tectonic assemblages and bounding faults in the 
Cadwallader, Bendor and Cayoosh ranges (92J/l 0 and 92J/9, 
see also Mahoney and Journeay, 1993). 

STRUCTURAL FRAMEWORK 

The Bralorne Fault Zone (Fig. 3) is one of several major thrust 
faults in the Eastern Coast Belt (Rusmore, 1985; Journeay et 
aI., 1992). The basal detachment of this fault roots north
eastward beneath disrupted oceanic rocks of the Bridge River 
Terrane (Fig. 4), and is out-of-sequence with respect to the 
main detachment of the Coast Belt Thrust System (Journeay 
et aI., 1992). 

In its footwall are Triassic and Early Jurassic island arc 
assemblages of the Cadwallader Terrane (Cadwallader and 
Tyaughton groups), and several arc-related successions of 
uncertain age and correlation. I have named these sections 
according to geographic location and describe them separ
ately in the text. They include interlayered volcanic and 
volcaniclastic rocks of the Birkenhead and Grizzly Pass 
sections, and fine grained turbidites and overlying coarse 
clastic rocks of the Noel Mountain Section (Fig. 3). 

The imbricate zone of the Bralome Fault is a tectonic 
melange comprising footwall slivers of the Cadwallader 
Group, and hanging wall slivers derived both from the Bridge 
River Terrane (Bralome-East Liza and Bridge River com
plexes), and from overlying basin successions of the Cayoosh 
Assemblage. Fault-bounded clastic rocks of uncertain 
correlation occur both in the melange belt and in the upper 
plate of the Bralome Fault Zone. Stratigraphically coherent 
sections were measured along McGillivray Creek, Standard 
Ridge, Mt. McGillivray and Connel Creek (Fig. 3,4), and are 
described in detail below. 

TECTONO-STRATIGRAPHIC 
ASSEMBLAGES 

Bralorne-East Liza complex 

Fault slivers of ultramafic rock and associated greenstone
gabbro, interpreted to be part of a dismembered ophiolite, are 
restricted to the melange belt and upper plate of the Bralome 
Fault Zone (Fig. 5). Mafic and ultramafic rocks are welJ
exposed in the northern Cadwallader Range, along the head
waters of President, Crazy, Plutus and Chism creeks. They 
include thick sections of aItered dunite, harzburgite and peri
dotite (President ultramafic suite; Cairnes, 1937), in which 
primary compositional layering and igneous cumulate 
textures are locally well-preserved. Along fault zones, these 
ultramafic rocks are penetratively deformed and hydro
thermally altered to serpentinite and talc-carbonate schist. 

Greenstones of the Bralome-East Liza Complex include 
pillowed flows and flow breccias, lapilli tuffs and fine grained 
amygdaloidal basalts and basaltic andesites. Geochemical 
signatures of these rocks suggest that they may have formed 
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either as island arc tholeiites (IAT) or as mid-ocean ridge 
basalts (MORB; Rusmore, 1985; Leitch, 1989). In the 
Bralorne mining district, these metavolcanic greenstones and 
associated rocks of the President ultramafic suite are intruded 
by Early Permian (-270 Ma) hornblende-quartz diorite and 
plagiogranite (soda granite) of the Bralorne suite (U-Pb 
zircon; Leitch, 1989). 

Bridge River Complex 

The Bridge River Complex is an assemblage of greenstone 
and bedded chert with subordinate siltstone, greywacke, 
metavolcanic tuff, limestone and sheared serpentinite 
(Roddick and Hutchison, 1973; Schiarizza et aI., 1990; 
Journeay and Northcote, 1992). Two distinct melange belts 
are recognized in the Bridge River Complex. The eastern 
Bridge River melange ranges in age from Mississippian to 
late Middle Jurassic (Callovian; F. Cordey, pers. comm., 
1992) and is made up primarily of sheared greenstone, 
serpentinite, chert and fine grained volcaniclastic rock. It is 
bounded to the east by the Fraser River Fault, and to the west 
by the Downton Creek Fault (Fig. 4; Journeay et aI., 1992). 
The western Bridge River melange is similar in both 
composition and structural complexity to its eastern 
counterpart, but is undated. It is structurally interleaved with 
Permian and older mafic and ultramafic rocks of the 
Bralorne-East Liza Complex, and includes thick sections of 
sheared greenstone and chert, previously mapped as part of 
the Chism Creek Schist (Rusmore, 1985; Woods worth, 1977; 
Journeay and Northcote, 1992). 

Situated between these two melange belts, in the upper 
plate of the Bralorne Fault, is a relatively coherent, but 
undated section of the Bridge River Complex, comprising 
massive and pillowed greenstone, calcareous greenschist and 
bedded chert interlayered with subordinate siltstone, lime
stone and fine grained volcaniclastic sandstone (Journeay and 
Northcote, 1992). Rocks that define this section are 

penetratively deformed and are well-exposed along the limbs 
of a southwest-verging syncline in the western Cayoosh 
Range, and in fault slivers of the underlying Bralorne Fault 
Zone (Fig. 4). 

Cayoosh Assemblage 

The Cayoosh Assemblage is an upward-coarsening 
succession of metamorphosed phyllitic argillite, siltstone and 
sandstone that conformably overlies interbedded green
stone, chert and siliceous siltstone of the Bridge River 
Complex (Journeay and Northcote, 1992; see Mahoney and 
J ourneay, 1993 for stratigraphic description). It is interpreted 
to be part of the Methow Terrane (Journeay and Northcote, 
1992; Mahoney and Journeay, 1993); a deep water marine 
succession that overlaps oceanic rocks of the Bridge River 
Complex, and that includes Jura-Cretaceous turbidites and 
clastic successions of the Ladner and Taylor Creek groups. 
Upward-coarsening volcanic and quartz-rich clastic rocks in 
the upper part of the Cayoosh Assemblage are correlated with 
the Brew Group and are interpreted to record either the final 
stages of terrane amalgamation or the emergence of volcanic 
arc and crystalline basement terranes in the Upper Jurassic 
and/or Early Cretaceous. There are no demonstrable 
stratigraphic ties between the Cayoosh Assemblage and Jura
Cretaceous clastic successions of the Tyaughton Group, Last 
Creek Formation or Relay Mountain Group. 

Cadwallader Group 

The Cadwallader Group is a Late Triassic island arc 
assemblage consisting of intermediate and mafic meta
volcanic flows (Pioneer Formation) and associated fine 
grained volcaniclastic rocks (Hurley Formation; Rusmore, 
1985). Greenstones of the Pioneer Formation are 
characterized by green to purplish-weathering, massive and 
feldsparphyric flows and flow breccias. Locally, these flows 

Bralorne Fault System Downton Crk Fault Marshall Crk 
Fault 
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Figure 4. Geological cross-section of the Eastern Coast Belt. See Figure 3 for location of section line. 
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are intercalated with fragmental lithic and crystal-lithic tuffs. 
Major and trace element geochemical signatures are 
transitional between modem island arc tholeiites and mid
ocean ridge basalts. Conformably overlying these volcanic 
rocks is an upward fining sequence of thin-bedded volcani
clastic wacke, greywacke/siltstone turbidite, and calcareous 
siltstone (Hurley Formation), locally containing greenstone 
and fragmental metavolcanic flows near its base, and 
distinctive limestone-volcanic-plutonic clast conglomerates 
throughout. Fossils collected from limestones near the 
contact between the Pioneer and Hurley formations range in 
age from late Carnian to middle Norian (Rusmore, 1985). 

Rocks of the Cadwallader Group occur in fault-bounded 
slivers throughout the Eastern Coast Belt, both in the upper 
and lower plates of the Bralorne Fault Zone (Fig. 5). They 
are structurally interleaved with older oceanic rocks of the 
Bralorne-East Liza Complex, and with Lower Jurassic clastic 
successions of the Tyaughton Group, Lower and Middle 
Jurassic shales and siltstones of the Last Creek Formation 
(Rusmore, 1985; P. Schiarizza, pers. comm., 1991) and Jura
Cretaceous siltstones and sandstones of the Relay Mountain 
Group. There are, however no documented stratigraphic 
contacts between the Cadwallader Group and these other 
assemblages. 

Chism Creek Schist 

The Chism Creek Schist is a metamorphosed tectonic 
melange comprising imbricated slivers of chert, greenstone, 
amphibolite, mafic and ultramafic rock, phyllite, micaceous 
schist, and quartz-rich feldspathic sandstone derived in part 
from Cadwallader, Bridge River and Methow terranes 
(Rusmore, 1985). It is on strike with and interpreted to be 
part of a system of high-grade thrust nappes that includes the 
Cogburn Group melange and Settler Schist (Journeay, 1990; 
Journeay and Northcote, 1992). 

To resolve stratigraphic and structural relationships in the 
Chism Creek Schist, I have subdivided it into its components 
(compare Fig. 4 and 5). What remains is a melange of 
structurally interleaved mafic and ultramafic rocks 
(Bralorne-East Liza Complex), metachert (Bridge River 
Complex) and metasedimentary rocks, the boundaries of 
which could not be resolved at a scale of 1:50 ()()() (Fig. 5). 
Metamorphic isograds, defined by the first appearance of 
biotite, garnet and staurolite (Rusmore, 1985), cut across the 
boundaries between these tectonic assemblages, and are 
late-kinematic with respect to structures of the Bralorne Fault 
Zone. 

STRATIGRAPHIC ASSEMBLAGES OF 
UNCERT AIN CORRELATION 

Thick sections of metavolcanic and metasedimentary rocks 
occur in both upper and lower plates of the Bralorne Fault 
Zone (Fig. 4, 5). Stratigraphic linkages between these rocks 
and pre-Middle Jurassic terranes of the Eastern Coast Belt are 
uncertain at this stage of investigation. 
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Hanging wall assemblages 

McGillivray Creek section 

The McGillivray Creek section, previously mapped as part of 
the Chism Creek Schist,· is a coherent succession of thin
bedded phyllitic siltstones, metavolcanic schists and volcani
clastic sandstones. Detailed structural sections were mea
sured along the ridge crest northeast of Blackwater Creek 
(Fig. 6B) and along Standard Ridge (Fig. 6A). Compo
sitionallayering throughout this section is isoclinally folded 
and transposed parallel to a penetrative schistosity. 

Interlayered black graphitic shales and dark grey phyllitic 
siltstones at the base of the succession (-300 m) are 
characterized by thin (millimetre-scale) laminae of sandy 
siltstone, light grey tuffaceous and calcareous siltstone. 
These rocks grade upwards into a thick succession (200-
300 m) of light grey and green metavolcanic (tuffaceous?) 
schist and calcareous phyllitic siltstone. These metavolcanic 
rocks are interdigitated with and apparently grade northwest
ward, along Prospector Peaks and Standard Ridge, into 
calcareous volcaniclastic sandstones and thin-bedded grey
wacke/siltstone turbidites (Fig. 6A). Interlayered with this 
clastic succession, at the north end of Standard Ridge, are 
matrix- and clast-supported conglomerates. Clasts include 
rounded pebbles and boulders of unfoliated granite, 
granodiorite, chert and angular fragments of dark siltstone 
and light grey felsic metavolcanics (locally feldsparphyric). 
Calcareous pebbly mudstone horizons near the top of this 
section contain both chert fragments and boulders of dark 
grey limestone. 

Mt. McGillivray section 

The Mt. McGillivray section is more than a kilometre wide 
and consists primarily of interlayered volcaniclastic wacke, 
dark grey and black graphitic siltstone, tuffaceous siltstone, 
and thin-laminated siliceous siltstone (Fig. 6C). These rocks 
resemble the upper volcaniclastic facies of the McGillivray 
Creek section, but are distinguished from the latter by the 
occurrence of quartz-rich feldspathic arenites and inter
layered couplets of massive dark greenstone and thin-banded 
phyllitic "quartzite". Quartzite bands are 1-5 cm thick and 
are rhythmically interlayered with thin (millimetre-scale) 
laminae of phyllitic siltstone. They are isoclinally folded, 
thoroughly recrystallized and may represent either phyllitic 
quartz-rich arenite, siliceous metavolcanic tuff and/or 
meta-chert. 

Connel Creek section 

The Connel Creek section is a fault-bounded and structurally 
thickened assemblage of interlayered siltstone and volcani
clastic sandstone. It is contiguous with and believed to be 
part of the Cayoosh Assemblage (Fig. 3). However, 
structural complexities preclude direct correlation of these 
two sections. Reversals in dip direction and the repetition of 
distinct stratigraphic horizons define what appear to be 
regional anti formal and synformal culminations (Fig. 6D, E). 



The antifonnal culmination at the head of Connel Creek 
is cored by a thick (-400 m) succession of interlayered dark 
grey siltstone/greywacke turbidites and thinly laminated 
sandy and tuffaceous siltstones, locally containing lenses of 
massive and fragmental metavolcanic flows. These rocks 
resemble those in the lower argillite/siltstone facies of the 
Cayoosh Assemblage at the head of Melvin Creek (see 
Mahoney and Joumeay, 1993). They are structurally over
lain, both to the northeast and to the southwest, by an 
assemblage of interlayered amphibolite (metavolcanic 

~:}"Mf~f~ Arkosic sandstone 

~f-~~~ Graywackel 
.:\:~~.~ tuffaceous sandstone 

I:=---~I Tuffaceous sandstone 

~:~=~~3 Shale. phyllite 

b-:-",:",-:-.,:,,--:-.J Thin - laminated silistonel 
-:-~-~-. siliceous siltstone 

~Chert 

~ Mafic and intermediate 
~ greenstone 

EASTERN COAST BELT ROCK UNITS 
OF UNCERTAIN CORRELATION 

100 
I 

Q Ultramafic rock 

f~{~!?;.~~1 Igneous rock 

e Conglomerate 
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metres 

1--...... ~~l Calcareous siltstone! 
~ ,~:.~ sandstone 

1:: ::::::: ::1 Thin - laminated phylllUc 
.. ....... .. sandstone and quartz 

MT. McGilLIVRAY 

300 
I 

J.M. Journeay 

flows), thin-banded quartzite (felsic meta-tuffs and/or quartz
rich metasandstone) and phyllitic siltstone, locally containing 
thin, but distinctive lenses of granite-chert-volcanic pebble 
conglomerate. These rocks resemble the greenstone/quartzite 
lithofacies of the Mt. McGillivray section, and interlayered 
greenstones and quartz-rich metavolcanic sandstones of the 
Cayoosh Assemblage. 

The section is interrupted along the flanks of Whitecap 
Mountain by steep, northeast-dipping imbricate faults 
marked by altered mafic and ultramafic rock of uncertain 

ST ANDARD RIDGE A 

~ ________________________ ~MST 

L-____________________________________________________________ ~----------~EST 

CONNEl CREEK 

~ ____________________________________________________________________________________ L_ ____ ~MST 

L-________________________ ~ ________________ _L ____________ ~MST 

Figure 6A·E. Clastic successions of uncertain correlation in the imbricate zone and upper plate of the 
Bralorne Fault Zone. See Figure 3 for location of section lines. 
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correlation. Overlying these mafic rocks with apparent 
conformity is a section of dark grey and black siltstones and 
laminated meta-tuffaceous siltstones containing transposed 
lenses of greywacke/siltstone turbidite and metavolcanic 
greenstone (Fig. 6D, E). This section resembles the transition 
zone between the upper Bridge River Complex and the 
Cayoosh Assemblage. It is cut by a steep, southwest-dipping 
imbricate fault zone, in the footwall of which is a thick 
succession of interlayered arkosic wacke and shaly siltstone 
containing thick lenses of both pebble and boulder 
conglomerate. Conglomerates are matrix-supported and 
contain rounded clasts of foliated and unfoliated granodiorite, 
dark grey limestone and siltstone. The age of these 
conglomerates is uncertain. 

Footwall assemblages 

Noel Mountain section 

The Noel Mountain section is a coherent northeast-dipping 
panel of sedimentary rocks comprising an eastern assemblage 
of siltstones and fine grained volcaniclastic sandstones, and 
a western assemblage of interlayered coarse clastic sand
stones, siltstones and conglomerates (Fig. 7 A). The section 
is locally cut by bedding-parallel faults and is interpreted to 
be structurally overturned. 

The eastern assemblage is undated, but believed to be part 
of the Cadwallader Group (Hurley Formation; Rusmore, 
1985). It comprises a thick (350-400 m) succession of thin
bedded dark grey slaty siltstones containing feldspathic and 
calcareous wacke horizons and thin, but distinctive lenses of 
dark grey limestone, limestone pebble conglomerate and 
calcareous siltstone. Sandstone horizons thicken to the west 
and are interlayered with both calcarenite and dark grey 
limestone. These rocks grade westward, across what appears 
to be a minor west-dipping fault panel, into a succession of 
dark grey and black shales, phyllites and siltstones containing 
thin horizons of light grey tuffaceous siltstone, calcareous 
and feldspathic wacke and discontinuous lenses of granite
limestone-siltstone conglomerate. These rocks grade west
ward into interlayered siltstones and pebbly sandstones of the 
western assemblage. 

The western assemblage comprises a thick succession of 
interlayered siltstone, sandstone and conglomerate. The 
section is undated, but interpreted to be part of the Cretaceous 
(Albian) Taylor Creek Group (Woodsworth, 1977; Rusmore, 
1985). Sandstone and conglomerate horizons are well
distributed throughout the section. Sandstones include both 
thin- and thick-bedded grey wacke and quartz-rich feldspathic 
arenite. Distinctive thin laminated sandstone/siltstone 
turbidites are locally abundant and very similar in appearance 
to those of the upper Cayoosh Assemblage (see Mahoney and 
Journeay, 1993). Coarse clastic rocks include thin pebbly 
mudstone horizons and thick cobble and boulder conglo
merates. These conglomerates are typically heterolithic and 
dominated by clasts of chert, granite and recrystallized 
quartz-rich sandstone. In general, chert clasts become less 
abundant and volcanic clasts more abundant from east to 
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west. At the west end of the section, these conglomerates are 
interleaved with quartz- and feldspar-phyric metavolcanic 
flows, volcaniclastic sandstones and siltstones. Adjacent to 
and within pendants of the Mt. Rohr Pluton, these rocks are 
metamorphosed to upper greenschist and lower amphibolite 
facies and contain porphyroblastic phases of garnet, 
staurolite, andalusite, biotite and hornblende. 

Birkenhead section 

The Birkenhead section is a northeast-dipping panel of inter
layered massive and fragmental metavolcanic flows and 
associated fine grained volcaniclastic rocks. The base of the 
section in the northern Lillooet Range (Fig. 7C) is character
ized by massive and fragmental metavolcanic flows that 
grade upwards into fine grained volcaniclastic sandstones 
and siltstones. The lower metavolcanic sequence consists 
primarily of dark green and maroon feldsparphyric flows, 
flow breccias and both light and dark grey fragmental lithic 
tuffs. These rocks are similar in appearance to metavolcanic 
greenstones of the Late Triassic Pioneer Formation. At the 
top of this metavolcanic sequence is a 200 m thick succession 
of interlayered felsic metavolcanic flows, recrystallized 
limestone and calcareous sandstone. These rocks grade up
wards into fine-grained dark grey volcaniclastic sandstones, 
sandy limestones and siltstones, similar in appearance to 
those of the Hurley Formation. This section is structurally 
overlain by fossiliferous Lower Jurassic sandstones and 
siltstones of the Tyaughton Group (Fig. 7D; Woods worth, 
1977), and is repeated east of Eight Mile Creek (Fig. 7E) 
along what is interpreted to be a high-angle reverse fault. 

In the Cadwallader Range, intermediate and felsic meta
volcanic flows and associated fragmental metavolcanic rocks 
occur at the east end of the section and appear to be 
structurally overturned (compare Fig. 7B and 7C). They are 
interlayered with and grade westward into a succession of 
thin- and thick-bedded volcaniclastic sandstone, arkosic 
wacke and siltstone. 

Grizzly Pass section 

The Grizzly Pass section overlies Middle Triassic greenstone 
and fossiliferous metasedimentary rocks of the Cadwallader 
Group in the Tenquille Lake region of the western 
Cadwallader Range. It consists primarily of fragmental 
intermediate and felsic metavolcanic rocks, feldspar and 
quartz-phyric metavolcanic flows and associated fine grained 
volcaniclastic rocks. Although undated, these rock are 
interpreted to be part of the transitional facies of the Hurley 
Formation (Riddell, 1991). Other possible correlations are 
with Upper Jurassic volcanics of the Billhook Creek 
Formation and Lower Cretaceous volcanics of the 
Brokenback Hill Formation. Both of these sections are 
characterized by thick accumulations of intermediate and 
felsic fragmental volcanic rocks and are known to occur in 
fault slivers of the Coast Belt Thrust System along strike to 
the southeast (Journeay and Friedman, in press). 
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DISCUSSION AND CONCLUSIONS 

The Bralorne Fault Zone represents a fundamental tectonic 
boundary in the Eastern Coast Belt. The magnitude of 
displacement across the Bralorne Fault is unknown. The 
absence of matching hanging wall/footwall cut-offs in 
structural sections indicate minimum displacements of 
several tens of kilometres (Fig. 4). Crustal sections, based on 
the integration of near-surface geological data and 
Lithoprobe seismic reflection data indicate that cumulative 
displacement across the Bralorne Fault Zone may be an order 
of magnitude greater (Varsek et aI., in press). However, 
similarities in the Jura-Cretaceous clastic successions that 
overlie the Bridge River and Cadwallader terranes suggest 
that they were stratigraphically linked prior to the onset of 
large-scale crustal imbrication in early- to mid-Cretaceous 
time. 

Clastic successions that occur in the imbricate zone and 
upper plate of the Bralorne Fault are tentatively correlated 
with the Cayoosh Assemblage. The Connel Creek and Mt. 
McGillivray sections both contain thick accumulations of 
volcaniclastic sandstone and a distinctive greenstone/ 
quartzite lithofacies. Stratigraphic similarities suggest that 
these two sections are part of the lower argillite/siltstone and 
volcanic sandstone succession of the Cayoosh Assemblage 
(Mahoney and Journeay, 1993). The McGillivray Creek 
section has a higher proportion of felsic metavolcanic rocks, 
but is otherwise very similar to the Connel Creek and Mt. 
McGillivray sections . It grades upward into coarse 
chert-bearing boulder conglomerates and is contiguous with 
metamorphosed quartz-rich clastic rocks of the Cayoosh 
Assemblage (previously mapped as Chism Creek Schist). 
These correlations imply that clastic successions that overly 
oceanic rocks of the Bridge River Complex were widespread 
in the Eastern Coast Belt prior to the onset of thrust 
imbrication in mid- to Late Cretaceous time. 

Lower plate clastic successions are tentatively interpreted 
to be part of the Cadwallader Terrane. Metavolcanic flows 
and flow breccias in the Tenquille Lake region are 
interlayered with fragmental metavolcanic flows, limestones 
and volcaniclastic rocks of Late Triassic age, and are 
correlated with the Pioneer Formation (Riddell, 1991). 
Undated metavolcanic flows, flow breccias and lithic tuffs of 
the Birkenhead section grade upwards into interlayered 
limestones and calcareous volcaniclastic sandstones, and are 
interpreted to be part of the transitional facies between 
Pioneer and Hurley formations (Woodsworth, 1977). They 
are structurally overlain by coarse clastic rocks of the 
Tyaughton Group. Calcareous siltstones and volcaniclastic 
rocks of the eastern Noel Mountain section are similar in 
appearance and are tentatively correlated with rocks of the 
Hurley Formation in the Eldorado Creek region (Rusmore, 
1985). These rocks are gradational westward into a thick 
succession of shales and siltstones that most likely correlate 
with Lower Jurassic rocks of the Last Creek Formation. 
InterIayered siltstones and chert-pebble conglomerates at the 
west end of this section may represent the transition into 
Middle Jurassic and younger clastic rocks of the Relay 
Mountain and/or Taylor Creek Group. 
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Interlayered boulder conglomerates, sandstones and 
siltstones occur in clastic successions associated with both 
the Cadwallader and Bridge River terranes. Conglomerates 
are characterized by the presence of granite and granodiorite 
boulders, chert and greenstone clasts and a variety of 
intermediate and felsic volcanic clasts. In the eastern 
Cayoosh and Lillooet ranges, these conglomerates overly 
fossiliferous early Cretaceous calcarenites ofthe Brew Group 
(interpreted to be part of the Cayoosh Assemblage; Journeay 
and Northcote, 1992), and contain granite boulders of Late 
Jurassic age (V. Coleman, pers. comm., 1992). Conglo
merates that overlie Triassic rocks of the Cadwallader Group 
and Upper Jurassic volcanic rocks of the Gambier 
Assemblage (Billhook Creek Formation) also contain granite 
boulders of Late Jurassic age (Friedman and Armstrong, 
1990; Riddell, 1991), and are interpreted to be part of an 
overlap assemblage that bridged Wrangellia and assembled 
terranes of the Eastern Coast Belt (Cadwallader, Bridge River 
and Methow terranes) prior to Late Cretaceous thrusting and 
crustal imbrication. 

The possibility of older stratigraphic ties between 
Wrangellia and terranes of the Eastern Coast Belt remains, 
but can not be proven at this stage of investigation. Jura
Cretaceous rocks that overlie the Cadwallader Group and 
Bridge River Complex (western Noel Mountain section and 
Cayoosh Assemblage, respectively) are both characterized by 
an upward-coarsening clastic succession of feldspathic 
arenites and quartz-rich sandstones, locally containing 
significant proportions of intermediate and felsic volcanic 
rocks. I interpret these quartz-rich clastic rocks to be part of 
an overlap assemblage that records the final stages of terrane 
amalgamation and/or the emergence of volcanic arc and 
crystalline basement terranes in the Late Jurassic and Early 
Cretaceous. The age and provenance of these quartz-rich 
clastic rocks are currently under investigation. 
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The Cayoosh Assemblage, southwestern British 
Columbia: last vestige of the Bridge River Ocean 

lB. Mahoney· and J.M. Joumeay 
Cordilleran Division, Vancouver 

Mahoney, J.B. and Journeay, J.M, 1993: The Cayoosh Assemblage, southwestern British 
Columbia: last vestige of the Bridge River Ocean; in Current Research, Part A; Geological Survey 
of Canada, Paper 93-1A, p. 235-244. 

Abstract: The Cayoosh Assemblage is a coherent succession of fine grained clastic metasedimentary 
rocks that conformably overlies oceanic assemblages of the Bridge River Terrane in southwestern British 
Columbia. Thin-bedded phyllitic siltstones near the base of the Cayoosh Assemblage are intercalated with 
sandy and tuffaceous siltstones, thin-bedded greywacke and limestone. These rocks grade upwards into a 
succession of siltstones, fragmental metavolcanic rocks and associated volcaniclastic sandstones. Phyllitic 
siltstones and pyritiferous shales of the upper Cayoosh Assemblage grade upwards into a succession of 
interlayered thin- and thick-bedded feldspathic arenites, quartz-rich feldspathic arenites and phyllitic sand
stones. This upper siltstone/sandstone lithofacies is correlated on the basis of rock type with Lower 
Cretaceous fossiliferous rocks of the Brew Group. These rocks provide a record of Jura-Cretaceous 
sedimentation in the Eastern Coast Belt and offer a means of reconstructing the evolution of the Bridge 
River 'ocean,' and the history of terrane interactions along the boundary between the Intermontane and 
Insular superterranes. 

Resume: L'assemblage de Cayoosh est une succession coherente de roches metasedimentaires 
c1astiques a grain fin qui recouvrent en concordance les assemblages oceaniques du terrane de Bridge River 
dans Ie sud-ouest de la Colombie-Britannique. Des siltstones graphiteux finement lites, proches de la base 
de I' assemblage de Cayoosh, sont interstratifies avec des siltstones sab leux et tufaces, et avec une grauwacke 
et un calcaire fmement lites. Ces roches passent vers Ie haut a une succession de siltstones, de roches 
metavolcaniques detritiques et de gres volcanoclastiques associes. Les siltstones phylliteux et les shales 
pyriteux de la partie superieure de I'assemblage de Cayoosh passent vers Ie haut a une succession d'arenites 
feldspathiques a lits fins et a lits epais, d'arenites feldspathiques riches en quartz et de gres phylliteux. Ce 
lithofacies superieur a siltstone et gres peut etre mis en correlation, en fonction du type lithologique, avec 
les roches fossiliferes du Cretace inferieur qui font partie du Groupe de Brew. Ces roches constituent une 
colonne stratigraphique jurassique-cretacee de la zone de la cote orientale dont I'etude permettra aux 
chercheurs de reconstituer I'evolution de I' «ocean» de Bridge River et d'etablir les interactions successives 
des terranes qui se sont produites sur la limite entre Ie superterrane intermontagneux et Ie superterrane 
insulaire. 

I Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T IZ4 
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INTRODUCTION 

The Bridge River Complex is a Mississippian to Middle 
Jurassic assemblage of greenstone, chert and fine-grained 
clastic rocks that occurs along the boundary between the 
Insular and Intermontane superterranes of the southern Coast 
Belt. It is conformably overlain by Jura-Cretaceous clastic 
rocks of the Cayoosh Assemblage and is structurally inter
leaved with other terranes ofthe southern Coast Belt along an 
array of contractional and strike-slip faults that range in age 
from Late Cretaceous to Early Tertiary (Fig. 1, 2). 

Evolution of the Bridge River' ocean' and its linkage to 
adjacent terranes of the Insular and Intermontane belts prior 
to the onset of crustal imbrication, are fundamental to an under
standing of the Coast Belt orogen, and to the history of 
superterrane accretion in the southern Canadian Cordillera 
(Monger and Joumeay, 1992). Estimates for the timing of 
terrane accretion in the southern Coast Belt range from 
Middle Jurassic (Rusmore et ai., 1988; van der Heyden, 1992) 
to Early Cretaceous (Monger et ai., 1982). There is no direct 
evidence for the timing or mechanism ofterrane accretion in 
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the Bridge River Complex. However, conformably overlying 
fine-grained clastic successions of the Cayoosh Assemblage 
are gradational upwards into Lower Cretaceous quartz-rich sand
stones and conglomerates ofthe Eastern Coast Belt (Joumeay and 
Northcote, 1992). These rocks record Jura-Cretaceous sedimentation 
in the region, and may provide a means of reconstructing the 
terminal history of the Bridge River 'ocean' and the history of 
terrane accretion in the Eastern Coast Belt. 

This study focuses on the stratigraphy of the Cayoosh 
Assemblage in its type locality (Fig. 1, 3), and explores 
potential linkages with clastic successions in adjacent parts of 
the southern Coast Belt. Stratigraphic studies by Mahoney are 
part of a PhD dissertation jointly sponsored by the Geological 
Survey of Canada and the University of British Columbia. 

GEOLOGICAL SETTING 

The Bridge River Complex is an oceanic assemblage of 
greenstone, chert, siliceous siltstone and serpentinite, locally 
interleaved with lesser greywacke, limestone, and ultramafic 

Figure 1. Regional Geology of the Eastern Coast Belt. See Journeay (1993) for map credits. 
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Figure 2. Geological cross-section of the Eastern Coast Bell. See Figure 3 for location of section line. 

rock (Schiarizza et aI., 1989, 1990; Journeay et aI., 1992; 
Journeay, 1993). Two distinct zones of structural imbrication 
(tectonic melange) are recognized in the Bridge River 
Complex (see Journeay, 1993). The eastern melange zone is 
well-exposed in the eastern Cayoosh and Chilcotin ranges. It 
is flanked by the Downton Creek and Fraser Fault systems, 
and contains dismembered cherts and greenstones that range 
in age from Mississippian to late Middle Jurassic (Cordey, 
1988, 1990). The western melange belt, well-exposed in the 
eastern Cadwallader Range, is similar in composition to its 
eastern counterpart, and is cut by high angle imbricate faults 
of the Bralorne Fault Zone. Situated between these two 
melange belts, in the upper plate of the Bralorne Fault and in 
the lower plate ofthe Downton Creek Fault, is a deformed but 
coherent succession of Bridge River greenstone, thin-bedded 
ribbon ch~rt, calcareous greenschist, graphitic siltstone and 
fine grained volcaniclastic sandstone (Fig. 1,2; Journeay and 
Northcote, 1992). 

The Cayoosh Assemblage is a Jura-Cretaceous succession 
of fine grained clastic metasedimentary rocks that conform
ably overlies interbedded greenstone, chert and siliceous 
siltstone of the Bridge River Complex (Joumeay and 
Northcote, 1992). The type section is characterized by thin
bedded siltstone and sandstone, quartz-rich feldspathic 
arenite, laminated phyllitic arenite and volcaniclastic 
sandstone, and is well exposed in alpine ridges of the western 
Cayoosh Range. It is flanked to the west by the Bralome Fault 
and to the east by the Downton Creek Fault (Fig. 3). 

The Brew Group (Duffell and McTaggart, 1952) is a fault
bounded sequence of argillite, siltstone, greywacke, quartz
rich sandstone and conglomerate, locally containing 
fossiliferous sandstone of Early Cretaceous (Early Neocomian) 
age. It is flanked by the Cayoosh Creek Fault and, as presently 
mapped, includes a sequence of interlayered greenstone, 
greenschist and associated fine grained volcaniclastic sand
stone and siltstone of uncertain age and correlation. 

CA YOOSH ASSEMBLAGE STRATIGRAPHY 

The Cayoosh Assemblage, previously mapped as part of the 
Bridge River Group (Roddick and Hutchison, 1973 ; 
Woodsworth, 1977), comprises a thick succession of fine 
grained metasedimentary rocks. At its type locality, the 
Cayoosh Assemblage conformably overlies interlayered 
greenstone, chert and fine grained siltstone/sandstone coup
lets of the Bridge River Complex. It occupies the core of a 
southwest-verging syncline, the limbs of which are cut by 
southwest-directed thrusts of the Bralome and Downton 
Creek fault zones (Fig. 2). Primary sedimentary structures and 
stratigraphic relationships are preserved, but have been 
modified by the effects of penetrative deformation and 
regional metamorphism. 

Rocks of the Bridge River Complex and overlying 
Cayoosh Assemblage share the same history of penetrative 
deformation and metamorphism. Compositional layering is 
isoclinally folded (locally transposed and disrupted) and is cut 
by a penetrative slaty cleavage containing lower green.schist 
grade metamorphic assemblages. In contact aureoles adjacent 
to crosscutting plutons, these rocks are recrystallized and 
contain lower amphibolite grade assemblages of gamet, 
hornblende, biotite, staurolite ± andalusite. Structural styles 
vary with rock type and record a history of inhomogeneous 
strain. Competent sandstone and grey wacke beds are only 
weakly deformed, whereas thin-bedded siltstone/shale and 
argillite successions are isoclinally folded and locall~ trans
posed. Bedding parallel shear zones are common, particularly 
along the boundaries between competent and incompetent 
horizons. However, they do not significantly disrupt the 
stratigraphic succession, and are interpreted to have accom
modated relatively small amounts of displacement. 

These structural and . metamorphic complexities negate 
any attempt to estimate primary stratigraphic thicknesses or 
to reconstruct detailed patterns of sedimentation in the 
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Cayoosh Assemblage. However, continuity ofindividual map 
units and preservation of regional facies relationships lead us 
to conclude that the Cayoosh Assemblage, although deformed 
and metamorphosed, is stratigraphically coherent and 
preserves a record of lura-Cretaceous sedimentation in the 
Eastern Coast Belt. For the purposes of discussion, we use 
sedimentary terminology and vertical rock columns (Fig. 4, 5) 
to describe stratigraphic relationships in the Cayoosh 
Assemblage. These columns were compiled from measured 
structural sections and should not be used to infer primary 
stratigraphic thickness. 

Sections that were examined during the 1992 field season 
(Fig. 4) include the upper transitional facies of the Bridge 
River Complex and the lower fine grained clastic succession 
of the Cayoosh Assemblage. Both sections occur on the 

50\500 
l22.JOOO 

upright lower limb of the Cayoosh syncline and are well
exposed along ridge crests adjacent to Melvin Creek (Fig. 3). 
The upper part of the Cayoosh Assemblage is exposed in the 
core of the syncline, along strike to the southeast in the 
Lillooet Range (Journeay and Northcote, 1992). 

The Cayoosh Assemblage comprises five lithofacies, 
including: 1) an argillite/siltstone succession; 2) volcanic tuff! 
tuff-breccia; 3) volcanic sandstone; 4) a siltstone/quartz-rich 
sandstone succession; and 5) granitoid-bearing conglomerate. 

Argillite/siltstone succession 

The base of the Cayoosh Assemblage is well-exposed along 
steep ridges flanking the northern headwaters of Melvin 
Creek (54910mE, 559540mN; Fig. 3). At this locale, 

122 00 00 

Figure 3. Geological map of the Cayoosh Range (92J/9 map area) showing the 
distribution and regional structural setting of the Cayoosh Assemblage and the location 
of measured structural sections. Field trip stops from Monger and Journeay (1992). 
Section locations include: 4a=Melvin Creek section ; 4b=Cayoosh Creek section; 
5a=lower Brew Group section; 5b=upper Brew Group section. Map symbols include: 
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CA= Cayoosh Assemblage; KB=Brew Group; MCs=Chism Creek Schist; PJb=Bridge 
River Complex; cross pattern= intrusive rock. 



interbedded greenstones, ribbon cherts, and black siliceous 
argillites of the Bridge River Complex are conformably 
overlain by a thick sequence of dark grey to black, thin bedded 
argillite and siltstone of the Cayoosh Assemblage. The 
contact is sharp, and is placed at the top of the stratigraphically 
highest chert horizon in the Bridge River Complex (Fig. 4). 

The basal portion of the Cayoosh Assemblage is 
approximately 350 m thick and comprises a monotonous 
succession of dark grey to black, thin-bedded and laminated 
phyllitic argillite, argillaceous siltstone, siltstone, and sandy 
siltstone, locally inter layered with discontinuous horizons of 
thin and medium bedded greywacke and limestone. Thin 
(2-5 em) sandy siltstone beds form resistant horizons within 
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more recessive argillite, and have the appearance of thin
bedded turbidites. Greywacke beds are light grey, thin to 
medium bedded (5-25 em), fine grained feldspathic wackes 
with sharp upper and lower contacts, parallel laminae and 
locally developed graded bedding. Limestone beds are thin to 
medium bedded, blue grey, locally sandy and everywhere 
recrystallized. Greywacke and limestone beds comprise less 
than 10% of the section near its base, but become increasingly 
more abundant upsection. A distinctive unit in the argillite/ 
siltstone succession is a mottled, phyllitic argillite character
ized by irregular, light grey elongate lenses. When viewed 
down-plunge, these lenses appear as discontinuous thin 
«0.5 em) light grey to white laminae in a matrix of folded 
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Figure 4. Structural sections of the Cayoosh Assemblage in its type locality of the western Cayoosh Range. 
See Figure 3 for location of sections. 
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dark grey argillite. They are interpreted to be thin ash horizons 
that have been isoclinally folded and transposed parallel to 
the dominant schistosity. 

Volcanic tufJltufJ-breccia succession 

Thin-bedded argillites and siltstones of the basal Cayoosh 
Assemblage are locally interlayered with thick (2-60 m) 
horizons of light to dark green, medium and thick bedded tuff, 
lapilli tuff, and tuff-breccia (Fig. 4). These horizons are 
characterized by sharp upper and lower contacts and form 
laterally continuous and resistant blocky outcrops. The 
majority of the tuffaceous units are medium bedded, fine 
grained tuffs and lapilli tuffs consisting of plagioclase grains 
set in a green, aphanitic matrix. Parallel and wavy lamination 
and thin (2-5 cm) lenses of dark grey argillite occur locally. 
Lithic clasts are stretched and consist primarily offine grained 
tuff. Coarsening upward sequences are locally evident, with 
fme grained vitric and crystal tuff coarsening upward into 
lapilli tuff and tuff-breccia. Rare andesitic(?) flows, locally 
containing stretched pillows and remnant devitrification 
structures (spherulites) are also present. These volcanic rocks 
represent a minor (10-25%) but stratigraphically important 
component of the lower Cayoosh Assemblage. They repre
sent distinct pulses of volcanic activity in a basin character
ized by thick accumulations of fine grained sediments. 

Volcanic sandstone succession 

Fine grained siltstone, greywacke and associated tuffaceous 
volcanic rocks grade upwards into a thick (approximately 
500-600 m) sequence of fine to coarse grained volcanic 
sandstone and siltstone (Fig. 4). This volcaniclastic succession 
consists primarily of interlayered lithic feldspathic arenite and 
greywacke with thin laminated siltstone. The ratio of sandstone 
to siltstone varies from 411 to 1/2. Sandstone is light grey to light 
brown on weathered surfaces, thin to medium bedded, fine to 
coarse grained, and generally well sorted. Parallel laminations, 
graded bedding, scour features, rip-up clasts, and flame 
structures are locally well preserved. Sandstone beds commonly 
have sharp basal contacts, and gradational upper contacts into 
overlying siltstone beds. Sandstone and siltstone beds are 
arranged in both coarsening and thickening upward, and fining 
and thinning upward sequences that range from 5 to 50 m thick 
(Fig. 4). Sandstone intervals vary in thickness and lateral extent 
on a scale of 1-2 km. They are interpreted to be lenticular in 
cross-section and lobate in plan view. 

Sandstone units are composed primarily of subangular 
plagioclase grains and subrounded volcanic lithic fragments, 
with variable amounts of quartz (5-15%). The quartz content 

Figure 5. Composite structural section of the Brew Group. 
The lower part of the section is compiled from exposures along 
the Cayoosh River, in the footwall of the Cayoosh Creek Fault. 
The upper part of the section represents the lower upright limb 
of an antiformal syncline exposed along the south flank of 
Mount Brew and includes rocks initially defined as part of the 
Brew Group by Duffell and McTaggart (1952). See Figure 4 for 
legend. F = Lower Neocomian fossil locality. 
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increases upwards, with the sandstones in the upper portion 
of the Cayoosh Assemblage distinctly more quartz-rich than 
those in the lower portion. Rare thin-bedded, reddish weather
ing quartz-rich feldspathic arenite occurs throughout the section, 
and suggests the Cayoosh Assemblage received detritus from 
multiple source regions. 

Siltstone/quartz-rich sandstone succession 

The volcanic sandstone succession is gradationally overlain by 
a thick (200-300 m) sequence of argillite, siltstone and sandstone 
(Fig. 4). Tuffaceous volcanic horizons occur locally near the base 
of the sequence, but decrease in abundance upwards. Thin light 
grey to white laminae, interpreted as tuffaceous ash layers, are 
locally abundant and attest to continued volcanic activity. 
Pyritiferous shales and siltstones grade upwards into feldspathic 
sandstones, similar in appearance to those of the lower argillite/ 
siltstone succession, but containing much higher proportions of 
detrital quartz. These sandstones consist primarily of thin to thick 
bedded, fine to coarse grained quartz-rich feldspathic arenite and 
thin-bedded phyllitic quartzite. Feldspathic arenite beds are 5-8 m 
thick, locally graded and contain basal shale rip-up clast horizons. 

This clastic succession is stratigraphically and composi
tionally similar to interbedded sandstone, siltstone and shale 
of the lower portion of the Brew Group (Journeay and 
Northcote, 1992). Similarities in sandstone composition, 
interbedded volcanic units, and coarsening upwards stratig
raphy suggest a correlation between the Cayoosh Assemblage 
and the Brew Group. We interpret the Cayoosh Assemblage 
to be laterally equivalent to and gradationally overlain by 
rocks of the Brew Group, which suggests that the Cayoosh 
Assemblage and Brew Group formed a coherent, widespread 
stratigraphic succession that was dismembered by large-scale 
crustal imbrication in the Late Cretaceous and early Tertiary. 

The lower portion of the Brew Group consists of interbedded 
dark grey argillite and siltstone, thin-bedded greywacke, thin and 
thick bedded quartz-rich sandstone, and minor tuffaceous 
intervals (Fig. 5). Amphibolite lenses near the bottom of the 
sequence are interpreted to be metavolcanic flows (Journeay and 
Northcote, 1992). These rocks grade upwards into a distinctive 
clastic facies of interlayered siltstones, quartz-rich feldspathic 
arenites and thin laminated phyllitic quartzites. Sandstones 
become thicker bedded and compositionally and texturally less 
mature upwards, and are inter layered with tuffaceous siltstones 
and calcarenites. Calcareous sandstones at the top of this 
succession contain bivalves of Early Neocomian age (Duffell 
and McTaggart, 1952). 

Conglomerate 

Overlying the quartz-rich clastic facies of the Brew Group is a 
100-150 m thick section of boulder conglomerate (Fig. 5). The 
conglomerate cores a southwest-verging antiforrnal syncline 
(Mustard, 1983), and represents an important marker horizon in 
the Brew Group. Well-rounded cobbles and boulders consist 
primarily of granite and granodiorite, argillite, felsic and 
intermediate volcanic rock, chert, quartzite, and foliated gneissic 
rock. One of these granodiorite boulders yielded Middle Jurassic 
zircons (Y. Coleman, pers. COIUlU., t 992). 

J.B. Mahoney and J.M. Journeay 

AGE OF THE CA YOOSH ASSEMBLAGE 

The age of the Cayoosh Assemblage is poorly constrained. 
No macrofossils have been recovered, and due to the 
structural and metamorphic overprint, it is unlikely that any 
will be. Microfossil (radiolaria and conodonts) recovery has 
been unsuccessful. Felsic volcanics from the middle portion 
of the assemblage are being processed for zircon. 

Age constraints for the Cayoosh Assemblage are provided 
by its relationship with other units in the region. The 
assemblage must be younger than greenstones and cherts of 
the Bridge River Complex, which it conformably overlies. 
Radiolaria as young as Callovian have been recovered from 
several localities in the eastern imbricate zone, although the 
majority of dates are Late Triassic (Anisian to Late Norian) 
and Early to Middle Jurassic (Pliensbachian to Bajocian) 
(Cordey, 1988, 1990; P. Schiarizza, pers. comm., 1992). No 
radiolaria have yet been recovered from the western imbricate 
zone or the central coherent section of the Bridge River 
Complex. The structural complexity and uncertainty about 
original basin configuration make it entirely possible that 
chert deposition in the west either ended before or continued 
after the cessation of chert deposition in the eastern Bridge 
River Complex. The age of the transition zone between the 
Bridge River Complex and overlying Cayoosh Assemblage 
is therefore unknown. 

Fossiliferous greywacke underlying the granite-bearing 
boulder conglomerate that caps the Brew Group succession 
yield the bivalve Buchia crassicollis of Early Neocomian 
(Berriasian?) age. Assuming the correlation between the 
upper Cayoosh Assemblage and the Brew Group is valid, it 
follows that the majority of the Cayoosh Assemblage/Brew 
Group stratigraphy must be older than Early Neocomian. As 
a working hypothesis, we postulate that rocks of the Cayoosh 
Assemblage and correlative rocks of the Brew Group are part 
of a widespread clastic succession that ranges in age from 
Middle(?) Jurassic to Early Cretaceous, with the majority of 
the unit being Middle(?) to Late Jurassic. 

EQUIVALENT ROCKS OF THE 
SOUTHERN COAST BELT 

Structural complexities and the absence of timing constraints 
from the Cayoosh Assemblage preclude a direct correlation 
with other clastic successions of the southern Coast Belt. 
However, the assemblage overlies the Bridge RiverComplex, 
which is locally as young as Middle Jurassic, and contains Early 
Neocomian fossils near the top of the succession, arguing 
against correlation with pre-Middle Jurassic strata, such as the 
Triassic Cadwallader and Tyaughton groups (Rusmore et aI., 
1988; Umhoefer, 1989). Jura-Cretaceous clastic and volcanic 
successions of the southern Coast Belt that may be in part 
correlative with the Cayoosh Assemblage include the 
Harrison Lake Formation, the Gambier Assemblage, the 
Relay Mountain Group, and the Ladner Group (Fig. 6). 
Metamorphosed clastic rocks ofthe Cayoosh Assemblage are 
recognized in the Settler and Chism Creek schist units of the 
Coast Belt Thrust System (Journeay, 1990; Monger, 1991). 
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Harrison Lake Formation/Gambier Assemblage 

The Harrison Lake Fonnation, exposed on the west side of 
Harrison Lake and in fault slivers of the Coast Belt Thrust 
System, comprises a thick succession of rhyolitic to andesitic 
volcanic flows and pyroclastic rocks of probable Toarcian to 
Bajocian age (Fig. 6). The Harrison Lake Fonnation is overlain 
by a sequence of Lower Callovian shale and thin bedded sand
stone (Mysterious Creek Fonnation), which are, in tum, overlain 
by volcaniclastic rocks of the Oxfordian Billhook Creek 
Fonnation. These units are unconfonnably overlain by coarse 
sandstone and granitoid-bearing conglomerate of the Berriasian 
Peninsula Fonnation (Arthur, 1986) and volcanic arc sequences 
of the Brokenback Hill Fonnation of the Gambier Assemblage. 

Relay Mountain Group 

The Middle Jurassic to Lower Cretaceous (Callovian to 
Hauterivian) Relay Mountain Group is well-exposed in the 
Chilcotin Range, west of the Yalakom Fault and east of the 
Downton Creek Fault. It lies unconfonnably above fme grained 
volcaniclastic sandstone, siltstone, and minor conglomerate of the 
Lower to Middle Jurassic (Hettangian to Bajocian) Last Creek 
Fonnation (Fig. 6; Umhoefer, 1989). The Relay Mountain Group 
consists predominantly of volcaniclastic thin bedded siltstone and 
medium to thick bedded sandstone. Primary volcanic rocks are 
absent in both the Last Creek Fonnation and Relay Mountain 
Group, with the exception of probable thin ash beds in the Last 
Creek Fonnation. The Relay Mountain Group is unconfonn
ably overlain by conglomerate of the Taylor Creek Group 
(Garver, 1989). 
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Ladner Group 

Ladner Group is exposed on the east side of the Fraser Fault 
System, and in tectonic slivers along the west side of the fault 
(Monger, 1986; Mahoney, 1993). Lower Jurassic argillite and 
thin-bedded siltstone of the Boston Bar Formation is 
gradationally overlain by the Toarcian to Bajocian Dewdney 
Creek Fonnation, which is a thick volcaniclastic unit that con
sists of an eastern proximal facies and a western distal facies 
(O'Brien, 1986; Mahoney, 1993). Ladner Group is discon
fonnably overlain by the Thunder Lake sequence, a thin feld
spatholithic sandstone of Oxfordian to Tithonian age 
(O'Brien, 1986), and by quartz-bearing lithic feldspathic sand
stone and granitoid-bearing conglomerate of the Hauterivian(?) 
to Albian Jackass Mountain Group (Kleinspehn, 1985). 

TENTATIVE CORRELATIONS 

We interpret the Cayoosh Assemblage to be both laterally 
equivalent to and gradationally overlain by rocks of the Brew 
Group. Together, these rocks represent a coherent Jura
Cretaceous clastic succession that conformably overlies 
oceanic rocks of the Bridge River Complex and is capped by 
Early Cretaceous and younger conglomerates. Three litho
facies in the Cayoosh Assemblage/Brew Group succession 
are considered distinct enough to be useful in regional correla
tion, including: 1) volcanic tuff and tuff-breccia; 2) quartz
rich clastic rocks, and 3) granitoid-bearing conglomerates. 
Although undated, these distinctive lithofacies provide the 
basis for lithostratigraphic correlation with other clastic 
successions of the southern Coast Belt. 
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Figure 6. Correlation chart of Jura-Cretaceous units in the southern Coast Belt. Data from Arthur (1986); 
O'Brien (1986); Umhoefer (1989); Lynch (1991); Mahoney (1993). 



Volcanidvolcaniclastic jacies 

Volcanic and volcaniclastic rocks of the Cayoosh Assemblage 
are interlayered with thick accumulations ofsiltstone/greywacke 
turbidite, graphitic siltstone and shale. The presence of 
fragmental volcanic flows and abundant tuffaceous detritus 
suggest a proximal source. These volcanics could be westerly 
derived, from Middle and Upper Jurassic volcanic flows and 
pyroclastic rocks ofthe Harrison Lake Formation and overlying 
Billhook Creek Formation, or easterly derived, from Middle 
Jurassic volcanic and volcaniclastic rocks ofthe Dewdney Creek 
Formation (Ladner Group) (Fig. 6). The Relay Mountain Group 
lacks primary volcanic rocks. Harrison Lake Formation and 
overlying units provide a source for volcanic material, but are 
lacking in quartz-rich detritus. The association of volcaniclastic 
rocks and overlying quartz-rich feldspathic sandstone in the 
Middle Jurassic Ladner Group and younger rocks is similar to 
that of the Cayoosh Assemblage, and suggests a possible 
correlation between the two. 

Quartz-rich clastic jacies 

The quartz-rich clastic facies of the Cayoosh Assemblage 
conformably overlies the volcanic lithofacies and is overlain 
by the Lower Cretaceous conglomerate lithofacies. 

In the Harrison Lake area, volcanic and volcaniclastic 
rocks of the Harrison Lake Formation are overlain by sand
stone and siltstone of the Mysterious Creek Formation and 
volcaniclastic sediments of the Billhook Creek Formation, 
which are in tum overlain by granitoid-bearing conglomerate 
of the Peninsula Formation. Harrison Lake Formation 
contains abundant quartz-bearing rhyolitic volcanic rocks, 
but quartz-rich detritus is absent. The detrital component of 
both the Mysterious Creek and Bi Ilhook Creek formations are 
distinctly quartz poor. 

Quartz detritus is minimal in the Relay Mountain Group, 
although Upper Jurassic (lower Oxfordian) sandstone in the 
lower Relay Mountain Group contains up to 17% detrital 
quartz of inferred plutonic origin (Umhoefer, \989). 
However, these quartzofeldspathic sandstones are overlain by 
a thick sequence of quartz-poor volcaniclastic rocks of the 
middle and upper Relay Mountain Group. 

The Dewdney Creek Formation of Ladner Group contains 
an anomalous sequence of quartzofeldspathic sandstone of 
inferred Aalenian age that interrupts the predominantly 
volcaniclastic succession (Mahoney, 1993). The source of 
this sandstone is unknown. The formation also contains 
quartz-bearing tuffs and lapilli tuffs. The Thunder Lake 
assemblage and lower Jackass Mountain Group lie above the 
volcaniclastic Dewdney Creek Formation, and below 
granitoid bearing conglomerate of the Jackass Mountain 
Group. These strata display an increase in pluton ic debris over 
the underlying units, but do not constitute a "quartz-rich" 
facies. The transition from volcaniclastic rocks with minor 
quartz-rich detritus in the Dewdney Creek Formation to 
feldspathic sandstones and conglomerates of the Thunder 
Lake Sequence and lower Jackass Mountain Group is similar 
to that observed in the upper Cayoosh Assemblage, and may 
be correlative. 

J.B. Mahoney and J.M. Journeay 

Lower Cretaceous granitoid-bearing conglomerate 

Lower Cretaceous granitoid-bearing conglomerates form an 
important marker horizon in the southern Canadian Cordillera. 
They represent the first defmitive tie between the Insular and 
Intermontane superterranes. Granitoid-bearing conglomerates 
containing granitic clasts of Middle to Late Jurassic age are 
known from the Lower Cretaceous Gambier Group of the 
Insular Terrane (Lynch, 1991), from the Berriasian Penin
sula Formation of the Harrison Lake Terrane (Arthur, 1986; 
O'Brien et aI., 1992), from the Lower Cretaceous(?) Brew 
Group of the Bridge River Terrane (Duffell and McTaggart, 
1952; Journeay and Northcote, 1992), and from the 
Hauterivian to Albian Jackass Mountain Group of the 
Methow Terrane (Kleinspehn, 1985). These conglomerates 
probably represent a clastic pulse related to uplift and erosion 
of arc assemblages either during or after terrane amalgamation. 

The top of the Cayoosh Assemblage/Brew Group 
succession is marked by a granitoid-bearing conglomerate 
containing Middle Jurassic plutonic clasts that overlies Lower 
Neocomian fossiliferous sandstone. We interpret this 
conglomerate to be part of a Lower Cretaceous overlap 
assemblage that includes coarse clastic rocks of the Gambier 
Assemblage and the Jackass Mountain Group. 

The correlation of the granitoid-bearing conglomerate in 
the upper Cayoosh Assemblage/Brew Group with a regional 
Lower Cretaceous overlap assemblage is important. The 
stratigraphy of the Cayoosh Assemblage/Brew Group 
consists of pelagic sediments overlain by volcaniclastic to 
quartz-rich clastic sediments, capped by granitoid-bearing 
conglomerate. We suggest that this stratigraphy records the 
cessation of pelagic sedimentation in the Bridge River 
"ocean", the initiation of Middle(?) to Late(?) Jurassic arc 
volcanism associated with basin closure, and the eventual 
uplift and erosion of this arc in Early Cretaceous time. 

ONGOING INVESTIGATIONS 

Our geological understanding of the Cayoosh Assemblage 
and its tectonic implications is in its infancy. Critical 
questions currently under investigation: 

I. What is the age of the Cayoosh Assemblage? How does 
the age of this clastic assemblage fit into the established 
Mesozoic basin framework (Garver, 1989; Umhoefer, 
1989; Mahoney, 1992, \993)? 

2. What is the affmity/derivationlsource of the volcanic rocks 
in the Cayoosh Assemblage? The isotopic and geochemical 
signatures of these rocks may allow for correlations with 
other Mesozoic volcanic arcs in southern British Columbia. 

3. What is the source of the granitic clasts found in the 
conglomerate, and how does this conglomerate relate to 
similar units in the region? 

4. Finally, can the Cayoosh Assemblage be definitively 
correlated with other units in the region, thus providing a 
stratigraphic framework that places constraints on the 
tectonic evolution of the region? 
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Holocene foraminiferal faunas from cores collected 
on the Fraser River delta, British Columbia: 
a paleoecological interpretation 

R. Timothy Patterson 1 and John L. Luternauer 

Cordilleran Division, Vancouver 

Patterson, R.T. and Luternauer, J.L., 1993: Holoceneforaminiferalfaunasfrom cores collected 
on the Fraser River delta, British Columbia: a paleoecological interpretation; in Current 
Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 245-254. 

Abstract: Interpretation of sedimentary environments are made based on the foraminiferal faunas 
recovered from four cores (FD90-A, FD90-B. FD91-1, and FD91-2) collected on the Fraser delta. These 
relatively short cores «55 m) are primarily comprised of prodelta sands overlying ancestral Strait of 
Georgia mud and silt. The muds and silts are characterized by a low diversity foraminiferal fauna, 
dominated by Buccellafrigida, Cribroelphidium excavatum. and Elphidiella hannai. This fauna is typical 
of low salinity, neritic depth conditions. Foraminifera are virtually absent from the prodelta sands as the 
winnowing conditions prevalent during deposition of this unit made colonization difficult. 

Resume: On a realise I' interpretation des milieux sedimentaires en fonction des faunes de foraminireres 
recueillies dans quatre carottes (FD90-A, FD90-B, FD91-1, et FD91-2) prelevees dans Ie delta du Fraser. 
Ces carottes relativement courtes «55 m) sont principalement composees de sables prodelta'iques 
recouvrant les boues et silts du detroit de Georgia ancestral. Ces demiers sont caracterises par une faune 
peu diversifiee de foraminiferes, contenant surtout Buccella jrig ida , Cribroelphidium excavatum et 
Elphidiella hannai. Cette faune est caracteristique d'un milieu neritique de faible salinite. Les foraminireres 
sont virtuellement absents des sables prodeJtai'ques, etant donne que les conditions de deflation qui ont 
regne tout au long de la peri ode de sedimentation de cette unite, ont rendu toute colonisation difficile. 

I Ottawa-Carleton Geoscience Center and Department of Earth Sciences, Carleton University, Ottawa, Ontario 
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INTRODUCTION 

In response to growing concern over the potential for a 
devastating mega-thrust earthquake affecting the highly 
urbanized Fraser River delta, the Geological Survey of 
Canada has initiated multi-disciplinary geological research. 
These studies, coordinated by the GSC Cordilleran 
Geoscience Division, have involved many agencies from 
around the continent. Emphasis of research on the subaerial 
and subsurface parts of the delta has focused on acquiring 
data useful for assessing earthquake damage from both 
liquefaction and ground motion amplification (Luternauer, 
1990; Clague et aI., 1991). 

Previous micropaleontological research has identified a 
large number of discrete and recognizable biofacies present 
on the delta (Williams, 1989; Patterson, 1990; Patterson and 
Cameron, 1991; Jonasson and Patterson, in press). This data 
is indispensable for the identification and interpretation of 
late Quaternary marine and glaciomarine deposits and 
provides a significant resource for the analysis of paleo
environments not readily recognizable by sedimentological 
means alone. The purpose of the ongoing micro
paleontological research is to refine our knowledge of 
foraminiferal and arcellacean distribution patterns associated 
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Figure 1. Location map showing position of various 
geographical landmarks and cores discussed in this paper. 
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with particular sedimentological facies. In this paper we 
present the preliminary results of the foraminiferal analysis 
of four cores collected in 1990 and 1991 from various 
localities on the southern delta (Fig. 1). These results 
corroborate the results obtained from the analysis of two other 
cores, the 367 m core FD87 -1 collected from the southern part 
of the delta and the 122.4 m core FD88-1 collected from the 
western part of Lulu Island. Detailed sedimentological and 
micropaleontological analyses of both these previously 
examined cores is provided elsewhere (Luternauer et aI., 
1991; Patterson and Cameron, 1991). 

FRASER DELTA FORAMINIFERAL 
BIOFACIES CONTROLS 

To date, nine different foraminiferal and arcellacean 
biofacies have been identified from recent and fossil Fraser 
delta sediments. While most of these biofacies are found in 
the subsurface some do not fossilize well and are thus 
restricted to modern environments (Patterson, 1990; 
Jonasson and Patterson, in press). This is particularly true of 
the marshy areas where acidic conditions caused by the 
rotting of vegetation result in poor preservation of calcareous 
taxa. Under these conditions only agglutinated taxa preserve 
well. Conversely, due to late Quaternary climatic and 
oceanographic changes, several biofacies identified in the 
subsurface have no modem counterparts (Patterson and 
Cameron, 1991). Glaciomarine foraminiferal faunas 
identified at the base of core FD87-1 are presently found only 
in glaciated bays surrounding Spitbergen Island (Sejrup and 
Guilbault, 1980). Sedimentological regime also plays an 
important role in determining the type of foraminiferal fauna 
found. For example, all of the cores examined thus far have 
been obtained from the southern part of the delta. Due to 
Coriolis effect, this area has experienced primarily sandy 
deposition since initiation of prodelta development. This 
flow regime deposits siltier and muddy sediments typical of 
a less active sedimentological regime on the northern part of 
the delta (Johnson, 1921; Mathews and Shepard, 1962; 
Thompson, 1981). This region, where a richer fossil fauna is 
expected, has not been examined for its foraminiferal fauna. 

METHODS AND MATERIALS 

Fifty-five samples were obtained from four Geological 
Survey of Canada cores collected using a Sonic Dilling Ltd. 
(Vancouver) rig from various stations around the Fraser delta 
(Fig. I). Core FD90-A was collected from the western part 
of Sea Island; core FD90-B was collected from the northwest 
comer of the intersection of Francis Street and Railway 
A venue in Richmond on the western margin of Lulu Island; 
core FD91-1 was collected from adjacent to the Vancouver 
Intemational Airport Main Terminal; and core FD91-2 was 
collected from the eastern part of Lulu Island. 

All samples were processed by the method described by 
Patterson and Cameron (1991) and rinsed using 63 Mm 
screens. Thirty-three of the 55 samples were found to contain 



foraminifera, and 23 of these samples (Tables 1 and 2) 
contained populations large enough for statistical analysis 
(see Patterson and Fishbein, 1989). Twenty-one species of 
benthic foraminifera are identified in this study. The per cent 
error was calculated using the standard error equation (SXj): 

Sx i = 1.96 

where (N) is the total number of counts, and (X) is the 
fractional abundance of a species (Patterson and Fishbein, 
1989). 

Conventional radiocarbon (14C) dating was peJformed on 
bryophytes, mollusc shells and plant material at the 
Radiocarbon Laboratory of the Geological Survey of Canada. 
Accelerator mass spectrometry radiocarbon dating was 

R.T. Patterson and J.L. Luternauer 

conducted at the IsoTrace Laboratory of the University of 
Toronto and by the Radio-Isotope Direct Detection 
Laboratory of McMaster University. 

INTERPRETATION OF CORES 

Core FD90-A 

The 40 m core FD90-A was collected from the western part 
of Sea Island (Fig. 1). Only a single statistically significant 
low diversity foraminiferal fauna (Patterson and Fishbein, 
1989), found between the 31.09 and 36.12 m interval of the 
core, was observed (Fig. 2; Table 1). The sedimentology of 
this interval is interbedded silts and sands overlying a 
diamicton. Both contain a foraminiferal fauna that is 
primarily comprised of up to 46.0% Buccella Jrigida 
(Cushman, 1922), up to 95.2% Cribroelphidium excavatum 
(Terquem, 1876), and up to 54.5% Elphidiella hannai 

Table 1. Foraminiferal occurrences in samples from cores FD90-A and FD90-8 

Spede./Sam pie 3062 3063 3064 3065 3066 3067 3068 3069 3045 3046 3047 3048 3049 
Core FD90A FD90A FD90A FD90A FD90A FD90A FOO0A FD90A FD90B FD90B FD90B FD90B FD90B 
Total Number orSpedmens a 276 0 1437 429 225 953 22 0 a a a a 
Depth in Core (m) 17.37 31.09 32.6 34.59 34.84 35.17. 36.12 36.88 1.52 4.27 4.57 5.79 7.47 
Percent Sample Examined 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Buccella frigida 46.0 16.1 6.1 5.3 0.3 
Bulimillella elt,,,lIIwimo 0.4 0.1 0.1 
Ca..uiuU"" ,,"ifonne 0.4 18.2 
Cribro.lpltidiu", excavaJu", 30.1 46.1 84.1 42.7 95.2 4.5 
Cribro.lpltidiu", "otllialldieu", 8.4 2.6 22.7 
Cribroelpltidiu",'umidu", 1.9 
Elpltidulla /tall""i 9.8 30.8 6.8 50.7 1.4 54.5 

Epislornillella JKlcifica 0.1 

Epistornill.lla .lIre" 0.9 

Fwuri"" .itrtolD 0 .1 

GlJveli.nopsis cDmpanulDla 0.2 

IslortdwlltJ lIorcrossi 0.1 

NOlllollella st.1la 10.5 0.5 1.3 

Qui"'lue/oculilla se",illulum 0.4 

Sipltoltapetfa sUllkeri 1.3 
SpiroslgmoiliNz ,,"uis 0.1 
SlailljotfltitJ sp. 2.9 0.1 

SpecieslSample 3050 3051 3052 3053 3054 3055 3056 3057 3058 3059 3060 3061 
Core FD90B FD90B FOO0B FD90B FD90B FD90B FD90B FD90B FD90B FD90B FD90B FD90B 
Total Number or Specimens a 0 253 141 81 38 17 30 133 80 32 a 
Depth in Core (m) 10.82 11.28 18.75 18.90 19.29 19.35 19.57 20.30 21.49 31.24 42.06 53.95 
PercontSample Examined 100.0 100.0 100.0 100.0 100.0 100.0 100.0 25.0 100.0 25.0 100.0 100.0 
Buccella frigida 60.1 55.3 51.9 57.9 29.4 66.7 54.9 11.3 12.5 
Bulimill.1la .ltgalllwimo 
CassiduUIta ,,"ifonn. 
Cribroelpleidwm excavaJum 26.5 17.7 18.5 10.5 35.3 20.0 20.0 31.3 
CribroeIpltidiu", "o."lalldieu", 
Cribroelpltidiu",'umidum 0.4 0.7 2.6 42.9 
EIpltidulla /tallltai 1I .5 26.2 28.4 28.9 35.3 13.3 67.5 53.1 
Epislornill.Ila JKlcifica 
EpistominellD l1iJUQ 

F issurina vitreola 
Gavelinopsis camlNUIulaJa 1.5 
IsumdielJa norcrossi 
Nonionelia stella 1.2 1.3 3.1 
Qui"'lut/ocuIiIIa .. ",illu"'", 
Sipholtapetfa slDlk.ri 
Spi,osigmolliNz le"uis 
Slaillfol1hitJ sp. 0.8 
Sipltoltapetfa slDIkeri 
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(Cushman and Grant, 1927); identified as Elphidiella nitida 
Cushman, 1941, in Patterson and Cameron (1991). This 
assemblage is referable to the Cribroelphidium excavatum 
Biofacies of Patterson and Cameron (1991). This overall 
assemblage has been associated with neritic depths and 
reduced salinities (Patterson and Cameron, 1991; Sloan, 
1980). These are the conditions that would be expected - as 
they exist today - in the ancestral Strait of Georgia silts off 
the front of the Fraser delta. Based on a 14C date from a shell, 
the area was overridden by prodelta sands by about 9180 BP. 
As this area shallowed during the gradual transition from 
ancestral Strait of Georgia sediments to the coarser sediments 
characteristic of the delta front the proportions of the species 
making up the foraminiferal populations also changed. As a 
result of these continually changing conditions some species 
variation is recognizable, and expected, even within the 
Cribroelphidium excavatum Biofacies. For example, 
Elphidiella hannai typically dominates lower diversity 
Cribroelphidium excavatum Biofacies at the deep water, or 
more open marine, end of the biofacies range (Sloan, 1980). 
As the environment continues to shallow and freshen with the 
increasing proximity of the delta front Cribroelphidium 
excavatum begins to dominate the biofacies (Sloan, 1980). In 
this core the proportions of these key indicator species vary 
considerably up core. The high variability in the proportions 
of the dominant foraminiferal species in adjacent samples and 
the interbedded, sand/silt, nature of the sediments suggests 
some minor reworking. Since the foraminiferal fauna found 
in this interval do not show evidence of abrasion, this 
transport was probably minor. 

Part of the foraminiferal fauna of this interval is found in 
an underlaying diamicton of unknown age. Due to the 
chaotic nature of diamictons, it is probable that this fauna has 
also been reworked. In fact many specimens from this 
interval show evidence of transport induced abrasion. This 
unit may be related to a diamicton reported by Patterson and 
Cameron (1991) to be associated with penultimate 
(Semiahmoo) or older glacial event. 

CoreFD90-B 

This 55 m core was collected from the northwest comer of 
the intersection of Francis Street and Railway Avenue in 
Richmond on the western margin of Lulu Island (Fig. 1). 
Sedimentologically this core is quite different from F090-A. 
The basal part of this core is characterized by extensive muds 
and silts beneath the 20 m mark, and is overlain by prodelta 
sands which are similar to those observed in F090-B (Fig. 3). 
Statistically significant populations of foraminifera 
(Patterson and Fishbein, 1989) were only recovered from the 
silty and muddy intervals of the core between 18.75 and 
53.95 m (Table I). Again the foraminiferal fauna is 
overwhelmingly dominated by Buccella frigida 
(11.3-66.7%), Cribroelphidium excavatum (10.5-45.9%), 
and Elphidiella hannai (up to 67.5%). Although much of the 
lower part of the core was not sampled, these muds and silts 
are interpreted to have been deposited offshore on the floor 
of the ancestral Strait of Georgia. The low diversity 
foraminiferal fauna again developed in response to low 

Table 2. Foraminiferal occurrences in samples from cores FD91-1 and FD91-2 

SDedeslSamDle 91·1.79 91·1·26 91·1·32 3194 3195 91·141A 3196 91·146 91·1·71 91·1 .75 91·1·78 91.1·50 3197 3198 3199 

Core FD9I·1 FD91·1 FD91·1 FD91·1 FD91·1 FD91·1 FD91·1 FD9I·1 FD91·1 FD9I·1 FD91·1 FD91·1 FD9I·1 FOOI·1 FD91·1 
Total Number or Spedmeos 0 87 89 25 64 0 7 0 0 0 0 0 3 5 3 
Depth In Core (m) 8.39 12.24 13.5 13.93 14.69 15.12 15.12 17.78 20.32 21.76 23.03 23.48 25.1 26.68 30.48 

Percent Sample Examined 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Ammonia beccarii 14.3 

BucullllfrigidG 19.5 21.3 28.0 15.6 28.6 20.0 33.3 
Cribro,lpllidium UC4..atum 71.3 74.2 68.0 71.9 14.3 66.7 20.0 66.7 
Crlbroelpllidlum guttJ,ri 40.0 
Crlb, •• /phidwm tumid_ 
Eiphidielllliulft,ulf 6.9 4.5 4.0 12.5 42.9 33.3 20.0 

Favll/1na 1Mk> 
NOlliorul1a stll1Il 
Quiraqutloculilul umUaullun 1.1 
RoSilUtuI co/umbi6ft.Sd 
S;ph."'/J<r1. sIJJ'brl 

SDecieslSam pie 91·1-83 91·1-61 91·1-64 91·1·67 91·241 91·2-52 3201 3202 3203 32G4 3205 3206 3207 3208 3200 

Core FOO1·1 FD91·1 FD9I·1 FOO1·1 FD91·2 FD9I·2 FD91·2 FD9I·2 FD9I·2 FD91·2 FOOI·2 FD91·2 FD91·2 FD9I·2 FD91·2 

Total Number of Specimens 0 0 I 0 0 0 67 582 99 291 7 406 392 892 1750 

Depth In Core (m) 31.52 32.53 33.44 34.45 11.53 17.68 24.35 24.5 24.8 25.58 25.79 29.94 32.53 36.02 44.08 

Percent Sam pIe Examined 100.0 100.0 100.0 100.0 100.0 100.0 100.0 25.0 100.0 25.0 100.0 100.0 100.0 25.0 100.0 

Ammonia IHccarii 

BuccrlliJ frlgida 10.4 9.3 9.1 4.8 28.6 14.5 1.5 0.3 0.2 

Cribroelpllidium tUQ,'QJum 82.1 79.7 82.8 80.0 57.1 78.1 91.1 94.3 95.3 

Crlbroelpllidium gu1tleri 

Cribroelpllidwm lumiJum 1.2 

Elphidi<llIl han,..; 7.5 9.6 8.1 14.1 6.2 4.3 2.2 

Favulina rtUw 14.3 

N onionella nellD 0.3 0.3 0.2 

QuilU/utloculbuJ seminulum 

RosalilUl colu",bitruis 

Sloho ..... r1.""/brl 100.0 0.2 0.7 1.2 2.8 3.1 4.3 
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salinity conditions caused by the freshening influence of the 
nearby Fraser River. Deposition at the core site changed from 
clays to silts as the prograding delta front neared. In response 
to decreasing salinities the relative proportion of the more 
marine Elphidiella hannai declined and the proportion of the 
more freshwater tolerant Cribroelphidium excavatum 
increased. However, this trend was sharply reversed at this 
site for a short interval around 6210 BP., just prior to 
deposition of prodelta sands. In a very short interval the 
proportion of Elphidiella hannai increased dramatically and 
the proportion of Cribroelphidium excavatum declined 

R.T. Patterson and J.L. Luternauer 

suggesting a return to more marine conditions (Sloan, 1980). 
This faunal shift may indicate that the mouth of the Fraser 
River migrated further away for a short time. 

Core FD91-1 

This 55.5 m core was collected adjacent to the Vancouver 
International Airport Main Terminal (Fig. 1). Statistically 
significant populations of foraminifera were restricted to a 
single interval of core FD91-1 (Fig. 4; Table 2). This fauna 

COREFD90-A 
Lithology, Depth (m) 
& Sample Horizons 
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Figure 2. Lithology, 14C dates, and relative abundances of the dominant foraminiferal species 
in core FOgO-A. 
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Figure 4. Lithology, 14C dates, and relative abundances of the dominant foraminiferal species 
in core FD91-1. 
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Figure 5. Lithology, 14C dates, and relative abundances of the dominant foraminiferal species 
in core FD91-2. 
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is exclusively again referable to a reduced diversity 
Cribroelphidium excavatum Biofacies (Patterson and 
Cameron, 1991). 

The Cribroelphidium excavatum biofacies bearing 
interval of the core (12.4 and 14.7 m) is overwhelmingly 
dominated by Cribroelphidium excavatum (68.0-74.2%). 
Lesser proportions of Buccella frigida (15.6-28.0%) and 
Elphidiella hannai (4.0-12.5%) are also typically found; 
again characteristic of relatively shallow (neritic depths) and 
lower salinity water conditions. The foraminiferal fauna is 
found in silts and clays, bracketed above and below, by 
prodelta sand and coarse sand. The features observed in this 
interval are interpreted as being the result of a secondary 
depositional event with the foraminiferal fauna being 
reworked from nearby pre-existing sediments. This 
interpretation is supported by the presence of somewhat 
poorly preserved and marginally statistically significant 
foraminiferal populations in these samples. Total faunal 
counts were generally low, varying between 25-89 
specimens. In addition, many of the foraminiferal tests are 
darkly stained and have been partially oxidized, probably in 
response to exposure to the environment and to acids released 
by the organic debris concentrated in this interval. Evidence 
of reworking also was recorded in a nearby core FD90-A (see 
above). Calcareous specimens found in the organic-rich 
marshes of the Fraser delta often have a similar appearance. 
However, the fauna observed here is not referable to a marsh 
fauna (Patterson, 1990). 

A few samples found belween 15.12 and 34.45 m had a 
few specimens of various shallow water foraminiferal 
species. These specimens, often found with organic debris in 
sandy units, were very abraded and often broken, suggesting 
considerable reworking. 

Core FD91-2 

This 45.5 m core was collected from the eastern part of Lulu 
Island (Fig. I). The interval found beneath 24.35 m is 
generally characterized by statistically significant 
foraminiferal populations again all attributable to a low 
diversity Cribroelphidium excavatum dominated fauna 
(Fig. 5; Table 2; Patterson and Fishbein, 1989). As has been 
observed for all the other cores, this fauna is characteristic of 
relatively shallow (neritic depths) and brackish water 
conditions. This interval is older than 4500 BP (base on 14C 
date), comprised primarily of silts, and interpreted to be 
ancestral Strait of Georgia sediments adjacent to a 
considerable freshening influence from the Fraser River - as 
indicated by the dominance of Cribroelphidium excavatum 
in all foraminifera-bearing samples. The relatively large 
foraminiferal populations found in this interval and the good 
condition of the specimens indicate that the fauna is probably 
in situ. Conditions suitable for colonization by this 
foraminiferal fauna terminated by sometime after 4700 BP 
with the initiation of prodelta sand deposition. 

R.T. Patterson and J.L. Luternauer 

CONCLUSIONS 

This study has resulted in the recognition of paleo
environmental facies not readily characterized by sedimen
tological techniques alone. The results also underline the 
importance of a multidisciplinary approach to understanding 
the depositional history of the Fraser delta. Future 
foraminiferal studies will be invaluable to furthering our 
knowledge on the history and current status of the delta. 
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Implications of 137 Cs sediment profiles for 
sediment accumulation rates on the Fraser River 
delta foreslope, British Columbia 

T.P. Moslowl, R.W. Evoyl, and J.L. Lutemauer 
Cordilleran Division, Vancouver 

Moslow, T.F., Evoy, R. W., and Luternauer, JL. , 1993: Implications of 137 Cs sediment profiles 
for sediment accumulation rates on the Fraser River deltaforeslope, British Columbia; in Current 
Research, Part A; Geological Survey of Canada, Paper 93-1A, p. 255-261. 

Abstract: Sediment accumulation rates calculated for 137Cs sediment profiles from piston cores in the 
Fraser River delta foreslope vary widely both between core locations and within individual cores. However, 
two general trends are apparent in the data set: sediment accumulation rates (I) decrease through time in 
all five piston cores; and (2) generally increase towards the Sand Heads sea valley. 

The entire assayed length of piston core VEC89A-03, flanking the Sand Heads sea valley, is interpreted 
to be post-1963, which necessitates a minimum sedimentation rate of 4.1 cm/a adjacent to the main channel. 
Additional evidence of the large-scale downslope transport of sediment to the delta front includes: (1) the 
documentation of sediment failure up-channel from VEC89A-03; (2) an increase in 137Cs concentration in 
the upper two sample increments of this core. 

Resume: Les tau x de sedimentation calcules pour les profils sedimentaires 137Cs a partir de I 'examen 
d'echantillons preleves par carottier a piston sur Ie prodelta du Fraser varient largement a la fois entre les 
sites de carottage et a l'interieur meme des carottes individuelles. On observe toutefois deux tendances 
generales dans l'ensemble de donnees: les taux de sedimentation 1) ont diminue avec Ie temps, comme 
l'indique l'examen de chacune des cinq carottes et, 2) ont generalement augmente en direction de la vallee 
marine de Sand Heads. 

Selon les interpretations, toute la longueur analysee de l'echantillon VEC89A-03 recueilli par carottier 
a piston, en bordure de la vallee oceanique de Sand Heads, daterait d'une periode posterieure a 1963, 
indiquant ainsi un Ie taux de sedimentation minimum de 4,1 cm/a a proximite du chenal principal. Les 
indices supplementaires d'un important transport sedimentaire en aval jusqu'au front du delta, 
comprennent: 1) des preuves de la rupture des sediments en amont du chenal, a partir de VEC89A-03 et, 
2) un accroissement de la concentration de 137 Cs dans les deux portions superieures echantillonnees de cette 
carotte. 

1 Department of Geology, University of Alberta, #1-26 Earth Sciences Building, Edmonton, Alberta T6G 2E3 
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INTRODUCTION 

This study presents a preliminary interpretation of sediment 
accumulation rates in the Fraser River delta foreslope as 
determined from Cs-137 profiles. The database consists of 
subsamples from piston cores collected during a 1989 
research cruise of the CSS Vector, and constitutes one aspect 
of the Geological Survey of Canada's ongoing research into 
environmental and geohazards assessment of the Fraser River 
delta slope. The specific objective of this study was to 
determine temporal and spatial variability in rates and 
patterns of sediment accumulation on the delta slope. Where 
previous studies have focused on Holocene accretion of the 
delta (Williams and Roberts, 1988, 1990; Clague et aI., 1991; 
Hart et aI., 1992) and diurnal to annual fluctuations in 
sediment dynamics (Kostaschuk et aI., 1989), this study 
focuses on patterns and variations in sediment accumulation 
rates over a 36 year period from 1954 through 1989 (Moslow 
et aI., 1991). 
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The study area for this project consists of a 20 km by 
7.5 km section of the delta foreslope (Fig. I), and overlaps 
with previous studies by Kostaschuk et al. (1992) and Hart et 
al. (in press). Water depths within this area range from less 
than 50 m to greater than 200 m over approximately 3.0 km 
horizontal distance, and at an average gradient exceeding 
3.0°. Concern over the stability of this slope in response to 
seismic and/or sediment loading has provided the impetus for 
this and related studies aimed at improving the database 
necessary for informed development or environmental 
decisions. 

PREVIOUS WORK: Cs-137 SEDIMENT 
ACCUMULATION RATES 

Cesium-137 is a radiogenic isotope produced as a byproduct 
of the testing of nuclear weapons, and is not known to occur 
naturally. Global distribution of Cs-137 in surface sediments 
therefore represents fallout from atmospheric testing. 

VANCOUVER 

10 
0-
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Figure 1. Study area location map. Area enclosed within rectangular box is detailed in Figure 2. 
(Modified from Maslow et aI., 1991; Kostaschuk et aI., 1992). 
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Vertical accretion rates of recent sediments in the Fraser delta 
foreslope can thus be approximated based on Cs-137 
distribution in soil profiles. 

The assumptions made in calculating sedimentation rates 
are: 

1. first appearance of Cs-137 represents the initiation of 
widespread atmospheric testing in 1954; 

2. peak Cs-137 concentrations reflect the resumption of 
testing in 1963 after a brief hiatus; and 

3. tailing effects of relatively low concentrations due to 
bioturbation are negligible in the study area. 

From detailed sedimentological descriptions of piston 
cores used in this study, it was observed that the cored 
intervals selected are conformable, with no reduction due to 
erosion, and were essentially non burrowed (Moslow et aI., 
1991). 

METHODOLOGY 

Five of 18 piston cores collected from the Fraser River delta 
foreslope during the CSS Vector 1989 cruise were selected 
for subsampling and analyzed for Cs-137 content. The cores 
selected represent a variety of depositional settings and 
sedimentation rates in the area. Sediment subsampling began 
at the sediment-water interface, and was continued to the 
estimated maximum depth at which concentrations of Cs-137 
could be anticipated. With the exception of core VEC89A-03, 
all samples were counted until at least one barren core 
increment, which was not sand-rich, was encountered. This 
ensured that all cores except VEC89A-03 were sampled 
through the first appearance of Cs-1 37. 

Analytical work for this study was carried out by the 
Saskatchewan Institute of Pedology, University of 
Saskatchewan, following the methodology of Dejong et al. 
(1982). Cs-I37 counting equipment consisted of a high
purity Ge-crystal coupled to a 4096 Multichannel Analyzer 
(MCA). Equipment was calibrated using a certified solution 
of Cs-1 37 in a carrier solution of CsCI in HCI. Soil standards 
were prepared by mixing known amounts of the water 
standard with Cs-1 37 free soils or peat. 

Counting efficiency depends on detector efficiency and 
the amount of radiation reaching the detector, which in tum 
depends on self-adsorption and is a function of sample 
volume and density. Compositionally similar sediment was 
encountered in all intervals sampled, it was therefore possible 
to pack all samples to approximately the same volume and 
density. The gamma radiation adsorption coefficient is thus 
effectively constant. 

Cs-137 concentrations are reported as histograms of 
activity (Bq/kg) per unit interval. Sedimentation accumula
tion rates were then calculated based on first appearance and 
maximum concentrations of Cs-137, which represent 1954 
and 1963, respectively. Histograms were compared to litho
logy and sediment texture to test for any depositionally 
mediated controls over concentration. 

T.F. Moslow et al. 

As the sample intervals chosen exceeded annual sedi
mentation rates, it was not possible to exactly position either 
1954 or 1963. Consequently, sedimentation rates wereca1cu
lated from the midpoint of the intervals representing first 
appearance and maximum accumulation, with the sediment
water interface as the 1989 datum. This obviates the necessity 
of presenting all sedimentation rates as ranges. 

RESULTS: SEDIMENT PROFILES 

VEC89A-03 

Core VEC89A-03 was collected from the flank of the Sand 
Heads' Channel at a water depth of 190 m (Fig. 2), and 
constitutes two distinct coarsening- and thickening-upward 
cycles resulting from channel migration. Only the upper cycle 
was subsampled for Cs-137 analysis. Samples were collected 
at 5 cm intervals to a depth of 105 cm (base of cycle 1). This 
core consists of graded fine- to medium-grained sands 
exhibiting wavy and lenticular bedding and containing rafted 
organic material and clayey-silt interbeds (Fig. 3). 

Figure 2. Detailed bathymetry and piston core site locations 
in the study area. Piston core sites with Cs-137 data available 
are represented with closed circles. 
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The sampled interval did not penetrate the base of the 
Cs-137 horizon, consequently only a minimum 
sedimentation rate over the interval can be calculated. 
Assuming that the top of the core represents a 1989 datum, 
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Figure 3. Cs-137 sediment profiles and sedimentological log 
for piston core VEC89A-03. 
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accumulation of 105 em of sediment during the past 36 years 
(1954 to 1989) necessitates sedimentation rates in excess of 
2.92 em/a. 

If the maximum concentration encountered in the core 
represents the 1963 value, the underlying 65 em of sediment 
must have accumulated over a maximum 9 year period. This 
results in a calculated minimum sediment accumulation rate 
exceeding 7.22 em/a. An increase in Cs-137 concentration 
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Figure 5. Cs-137 sediment profiles and sedimentological log 
for piston core VEC89A-18. 
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Figure 6. Cs-137 sediment profiles and sedimentological log 
for piston core VEC89A-21. 
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was noted in the upper two sample increments (10 cm) of the 
core, and is atypical of sediment profiles in the Fraser River 
delta area to date. This anomaly may reflect redeposition of 
older sediment from upslope via sediment-gravity flow 
processes, as proposed by Kostaschuk et al. (1992) and Hart 
et al. (in press). 

VEC89A-06 

Core VEC89A-06 was collected from a water depth of 
approximately 190 m, some 800 m north ofVEC89A-03 and 
the Sand Heads valley (Fig. 2). This core consists primarily 
of massive silty-clay and clayey-silt with thin, silty, very fine
to fine-grained sands which exhibit graded bases and abrupt 
tops (Fig. 4), and the entire interval constitutes a poorly 
defined fining upward cycle interpreted as a sequence of 
levee and overbank flow deposits associated with breaching 
of the main channel levees. 

The core was subsampled at 5 cm intervals to a depth of 
90 cm; base of detectable Cs-137 concentration occurs at a 
depth of either 80 or 85 cm. The reason for this uncertainty 
is that the barren interval from 80 to 85 cm is composed 
predominantly of fine quartz sand. Other intervals of similar 
grain size and lithology show a marked suppression of Cs-137 
values. The strongest correlation between Cs-137 and grain 
size and composition in the study area is the barren interval 
between 65-70 cm in this core. This interval consists of very 
fine sand composed predominantly of quartz with lesser 
mafic fragments and feldspar and subordinate mica. Clay 
minerals are virtually absent in this interval. 

A minimum sedimentation rate of 2.29 cm/a can be 
calculated for core VEC89A-06 (Table I). Peak Cs-137 
concentration in the core was encountered in the increment 
from 40 to 45 cm and is interpreted as the 1963 peak. 
Accumulation of 40 to 45 cm of sediment between 1963 and 
1989 represents a sedimentation rate of 1.57 cm/a. 

Sediment in the basal portion of the subsampled core 
interval includes a minor component of coarser grained 
material, likely resulting from overbank flow or unconfined 
turbidity currents breaching the Sand Heads sea valley. The 
calculated rate of accumulation for the period 1954 to 1963 
is 4.44 cm/a. 

VEC89A-18 

Deposition of core VEC89A-18 occurred in a slight saddle 
on the lower delta foreslope in a water depth of 170 m (Fig. 2). 
This core consists of a dense and compacted, black clayey-silt 
with few shell fragments and minor disseminated organic 
matter (Fig. 5). Samples collected for Cs-137 analysis in 
VEC89A-18 were taken over 10 cm intervals, the only 
samples at this increment in the study. The base of 
measurable Cs-137 concentrations occurs at a depth of either 
70 to 80 cm or 80 to 90 cm. This uncertainty reflects a possible 
"trace" Cs-137 reported by the laboratory in the latter interval. 
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This core represents the first of the five sampled to be 
analyzed for Cs-137; results have been discussed previously 
(Moslow et aI., 1991). Sediment accumulation rates, 
recalculated using the 1954 datum for first appearance, are a 
constant 2.22 cm/a throughout. 

VEC89A-21 

Core VEC89A-21 was deposited in an interchannel or levee 
environment in relatively shallow water (50 m) on the upper 
foreslope (Fig. 2). This core consists of massive silty clay 
with rare silty laminations. The section subsampled for 
Cs-137 represents deposition of sediment from suspension. 
The base of the subsampled interval is at 25 cm (Fig. 6); basal 
Cs-137 concentration occurs at a depth of 15 to 20 cm. 
Minimum sedimentation rate for the period 1954 to 1989 is 
0.49 cm/a. 

Maximum Cs-137 concentration occurs in the interval 5 
to 10 cm, reflecting much slower accumulation rates 
post-1963 (0.28 cm/a) as opposed to the period 1954 through 
1963 (1.11 cm/a). There is no sedimentological evidence to 
support a change in sediment accumulation pattern or rate in 
core from this interval, and we suggest that finer sample 
increments are necessary to resolve sedimentation rates. 

VEC89A-22 

Core VEC89A-22 accumulated in a prodelta to basinal 
environment in a water depths of 206 m (Fig. 2). Internal 
sedimentary structure consists of massive silty clay to 
clayey-silt with rare silty laminations and minor rafted 
organic debris (Fig. 7). The depositional process was settling 
of sediment from suspension. 

Samples collected for Cs-137 analysis were taken over 
5 cm increments to a depth of 35 cm. The basal Cs-137 
concentration occurs at a depth of 25 to 30 cm; therefore 
minimum sedimentation rate for the period 1954 to 1989 is 
0.76 cm/a. Maximum concentration, as in VEC89A-21, 
occurs in the interval 5 to 10 cm, reflecting low post-1963 
accumulation rates (0.28 cm/a). Accumulation rates for the 
period 1954 through 1963 are calculated to be 2.22 cm/a. 

Table 1. Calculated sediment accumulation rates for piston 
cores from the Fraser River delta foreslope 

Piston core 1954-1963 1963-1989 1954-1989 

VEC89A-03 7.22 cm/a 1.48 cm/a 2.92 cm/a 

VEC89A-06 4.44 cm/a 1.57 cm/a 2.29 cm/a 

VEC89A-18 2.22 cm/a 2.22 cm/a 2.22 cm/a 

VEC89A-21 !.II cm/a 0.28 cm/a 0.49 cm/a 

VEC89A-22 2.22 cm/a 0.28 cm/a 0.76 cm/a 



DISCUSSION 

Sediment accumulation rates calculated for cores from the 
Fraser delta foreslope exhibit a wide degree of variation both 
between piston core locations, and through time. Two 
general temporal! spatial patterns are evident in the data set. 
Sediment accumulation rates typically decrease through time, 
and generally increase towards the Sand Heads' valley 
(Fig. 8). 

In piston core VEC89A-03, the peak Cs-137 concentra
tion was encountered in the increment from 35 to 40 cm 
(Fig. 3). Global peak concentrations represent fallout from 
1963 testing (Ashley, 1977; Pennington et aI., 1973). The 
accumulation of 40 cm of sediment over a 27 year period from 
1963 to 1989 requires a minimum sediment accumulation 
rate of 1.48 cm/a, a relatively low value. However, this 
interval corresponds to the thickest, coarsest sequence 
recovered, and should be anticipated to reflect the highest 
sedimentation rates in the entire study area. 

Two possible explanations for this may be postulated. If 
the entire assayed assemblage is post-1963, this would 
necessitate a minimum sedimentation rate of 4.1 cm/a since 
1963, which is realistic given the calculated accumulation 
rate for the pre-1963 sequence (7.22 cm/a). Alternatively, the 
top of the upper interval may have been reduced by erosion. 
Evidence in support of the latter includes the documentation 
of large scale sediment failures which have moved up to 
106 m3 of sediment in individual events up-channel from the 
core site (McKenna and Lutemauer, 1987; Kostaschuk et aI., 
1992). 

With the exception of piston core VEC89A-18, there is a 
marked decrease in sediment accumulation rates post-1963. 
This pattern holds true in the upper foreslope (site 21), 
proximal to the Sand Heads sea valley in the lower delta 
foreslope (sites 03, 06), and in the prodelta (site 22). The 
significance of this observation is not evident, and requires 
further study to test for any positive correlation with cultural 
constraints. The regional nature of this observation argues 
against a local explanation for this related to avulsion in the 
Sand Heads sea valley. 

ACKNOWLEDGMENTS 

Numerous comments and criticisms by Bruce Hart and Tark 
Hamilton have helped to improve and clarify this manuscript, 
and are gratefully acknowledged. Funding was provided by 
EMR and NSERC grants to T.F.M. (Research Agreement 
No. 034492). 

T.F. Moslow et al. 

REFERENCES 

Ashley, G.M. 
1977: Sedimentology of a freshwater tidal system. Pitt River-Pitt Lake. 

British Columbia; Ph.D. dissertation. University of British 
Columbia. Vancouver. 234 p. 

Clague, J.J., Luternauer, J.L., Pullan, S.E., and Hunter, J.A. 
1991 : Postglacial deltaic sediments. southern Fraser River delta. British 

Columbia; Canadian Journal of Earth Sciences. v. 28. p. 1386-1393. 
Dejong, E., Villar, H., and Bellany, J.R. 
1982: Preliminary investigations on the use of mCs to estimate erosion 

on Saskatchewan; Canadian Journal of Soil Science, v. 62. 
p.673-683. 

Hart, B.S., Prior, D.B., Barrie, J.V., Currie, R.G., and 
Luternauer, J.L. 
in press: A river mouth submarine channel and failure complex, Fraser Delta. 

Canada; Sedimentary Geology. 
Hart, B.S., Prior, D.B., Hamilton, T.S., Barrie, J.V., and Currie, R.G. 
1992: Patterns and styles of sedimentation. erosion and failure. Fraser 

Delta slope. British Columbia; in Geotechnique and Natural 
Hazards: Proceedings of First Canadian Symposium on 
Geotechnique and Natural Hazards; Canadian Geotechnical 
Society. p. 365-372. 

Kostaschuk, R.A., Luternauer, J.L., McKenna, G.T., and Moslow, T.F. 
1992: Sediment transport in a submarine channel system: Fraser River 

Delta. Canada; Journal of Sedimentary Petrology. v. 62. p. 273-282. 
Kostaschuk, R.A., Stephan, B.A., and Luternauer, J.L. 
1989: Sediment dynamics and implications for submarine landslides at the 

mouth of the Fraser River. British Columbia; in Current Research. 
Part E; Geological Survey of Canada, Paper 89-1 E. p. 207-212. 

McKenna, G.T. and Luternauer, J.L. 
1987: First documented large failure at the Fraser River delta front. British 

Columbia; !.!! Current Research. Part A; Geological Survey of 
Canada. Paper 87-IA, p. 919-924. 

Moslow, T.F., Luternauer, J.L., and Kostaschuk, R.A. 
1991 : Patterns and rates of sedimentation on the Fraser River delta slope. 

British Columbia; !.!! Current Research. Part E; Geological Survey 
of Canada. Paper91-IE. p. 141-145. 

Pennington, W., Cambray, R.S., and Fisher, E.M. 
1973: Observations on lake sediments using fallout 137Cs as a tracer; 

Nature, v. 242. p. 324-326. 
Williams, H.F.L. and Roberts, M.C. 
1988: Holocene sea-level change and delta growth: Fraser River delta. 

British Columbia; Canadian Journal of Earth Sciences. v. 26. 
p. 1657-1666. 

1990: Two middle Holocene marker beds in vertically accreted floodplain 
deposits, lower Fraser River, British Columbia; Geographie 
physique et Quaternaire. v. 44. p. 27-32. 

Geological Survey of Canada Project 860022 

261 





A delta topset sheet sand and modem sedimentary 
processes in the Fraser River delta, 
British Columbia 
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Abstract: Borehole data in the Fraser River delta demonstrate that a nearly continuous unit of sand, 
generally 10 to 20 m thick, underlies the surficial silts of the subaerial delta plain. The sand is arranged 
into one or more sharp-based fining-upward sequences, and is interpreted to be a complex of distributary 
channel deposits. Historically, distributary channel migration to accommodate the accumulation of channel 
sands has only been recorded where distributaries cross the tidal flats. However, stratigraphic sequences 
that represent channel migration across both the tidal flats and the subaerial delta plain have been tentatively 
identified in cores. 

Resume: Les donnees foumies par les sondages effectues dans Ie delta du Fraser demontrent qu'une 
unite presque continue de sable, generalement de 10 a 20 m d'epaisseur, est recouverte par les silts 
superficiels de la plaine deltaYque subaerienne. Les sables sont disposes selon une ou plusieurs sequences 
a granulometrie normale dont la base est tres nettement delimitee, et que I' on considere un complexe alluvial 
qui se sera it accumule dans des defiuents. Au cours des temps historiques, on a note que la migration des 
defiuents suite a l'accumulation des sables fluviatiles ne se produisait qu'aux endroits ou ces defiuents 
traversent l'estran. Toutefois, on a cherche a identifier provisoirement dans les carottes les sequences 
stratigraphiques qui representent la migration des defiuents a travers l'estran et a travers la plaine deltaYque 
subaerienne. 

1 School of Earth and Ocean Sciences, University of Victoria, P.O. Box 1700, Victoria, B.C. V8W 2Y2 
2 Pacific Geoscience Centre, Sidney 
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INTRODUCTION 

Subsurface geological mapping of the Holocene Fraser River 
delta was initiated in part to provide a long term perspective 
of the sedimentary processes operating on the delta. Since 
the sediments are the result of these processes, they should 
provide a record consistent with processes observed and 
inferred from geomorphological evidence. The objective of 
this preliminary report is to demonstrate that distributary 
channel sand deposits form a nearly continuous composite 
sand unit underlying the subaerial delta plain and thus are 
much more extensive than previously recognized, and to 
comment on the implications of this conclusion. 

SETTING 

The Fraser River is the largest river on Canada's west coast 
and has constructed a delta with a topset area of 1000 km2. 

The delta plain includes the southern portions of the Greater 
Vancouver urban area as well as key industrial and 
transportation facilities. Recent investigations of this 
important area have focused on the effects of human activities 
on deltaic processes and on geological hazards that could 
affect the region. 
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.a. CPT 

o BOREHOLES WITH GEOPHYSICAL LOGS 

o BOREHOLE LOG ONLY 

The modern delta appears to be entirely Holocene in age 
(Clague et aI., 1983; Williams and Roberts, 1989). It 
comprises: a subaerial plain that extends 23 km west from a 
gap in the Pleistocene uplands at New Westminster and is 
mantled by silt and peat; a band of dominantly sandy tidal 
flats up to 9 km wide; and a foreslope that descends at an 
average slope of 1.50 to depths of 300 m in the Strait of 
Georgia (Fig. 1) and that is dominantly silty to the north and 
sandy to the south of the Main Channel (Fig. 1; Clague et aI., 
1983, 1991). The river divides into four distributaries where 
it crosses the delta plain. The annual sediment load is 
reported to be 12 to 30 million tons, of which 40% is sand 
(Milliman, 1980). 

PREVIOUS WORK 

Although the Fraser delta has been extensively studied 
(Johnston, 1921; Mathews and Shepard, 1962; Clague et aI., 
1983; Luternauer, 1980; Hartet aI., 1992, in press), there have 
been few investigations of the subsurface stratigraphy. 
Clague et al. (1983) incorporated subsurface data into their 
interpretation, but no cone penetration tests (CPT's) were 
available at the time. Roberts et al. (1985) reported on a 
shallow coring program that focused on the southern part of 

Figure 1. 

Location and sedimentary setting of the Fraser 
River delta, showing the location of borehole 
data and of sites referred to in this paper: 1, 
location of borehole in Figure 2; 2, location of 
borehole in Figure 3; 3, location of borehole in 
Figure 4; 4, location of borehole east of 
Ladner; 5, location of Figure 8; 6, location of 
borehole in Figure 9. 
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Figure 2. Comparison of a Cone Penetration Test and a gamm~ ray log from a~ adjoining borehole at the 
Vancouver International Airport. Vertical scale in metres. See Figure 1 for location. 

the delta. Williams and Roberts (1989, 1990) investigated 
the topset deposits in Lulu Island in a series of shallow 
boreholes, and documented the chronology of the mid- to late 
Holocene sea-level rise from the depth and thickness of 
floodplain silts. In the southernmost portion of the delta, the 
Geological Survey of Canada and Simon Fraser University 
have drilled ten boreholes and acquired 45 km of seismic 
reflection data (Clague et a!., 1991; 101 and Roberts, 1988, 
1992; Luternauer, 1988, 1990; LutemaueretaI., 1986, 1991; 
Pullan et ai., 1989; Patterson and Cameron, 1991). In recent 
years, these drilling programs have been expanded to other 
areas of the delta. Furthermore, the Geological Survey of 
Canada has acquired CPTs and seismic refraction data at 
selected sites to contribute to the assessment of the regional 
liquefaction potential in the delta (Finn et a!., 1989; Hunter 
et ai., 1991, 1992). Recently, Watts et a!. (1992) published a 
CPT cross-section demonstrating the utility of this data for 
stratigraphic purposes. 

DATABASE 

This study is based primarily on boreholes drilled by 
Geological Survey of Canada and engineering test holes, in 
particular cone penetration tests (CPTs; Fig. 1). The GSC has 
drilled 17 boreholes throughout the delta since 1986. Of 
those 13 have been logged by geophysical methods -
including gamma ray - and the last 9 have been continuously 
cored. These boreholes provide excellent data, but they are 
unevenly distributed across the delta. A large number of 
engineering test holes exist (see Mustard and Roddick, 1992, 
for those drilled prior to 1973), but most have been 
discontinuously sampled. In contrast, CPTs, which have 
been conducted since the early 1980s (Finn et ai., 1989), 
continuously and consistently record various physical 
properties of the sediment penetrated. Combined with data 
from adjoining boreholes they provide consistent and 
correlatable stratigraphic data (Campanella et a!., 1983). We 
have obtained CPTs at over 50 sites widely distributed across 
the delta. Although some of these were acquired by the GSC, 
most were acquired for engineering purposes. 
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RESULTS 

Cone penetration tests can be used for stratigraphic 
interpretations in a manner comparable to geophysical 
borehole logs. A comparison of a CPT and a gamma ray log 
from an adjoining GSC borehole at the Vancouver 
International Airport is shown in Figure 2. The sand and silt 
units observed in the borehole can be readily recognized on 
the gamma ray log as well as on the "cone bearing" and 
"friction ratio" curves on the CPT. In particular, the "friction 
ratio" is similar to the gamma ray curve, with sands having 
low values and finer sediments causing deflections to the 
right. At this site, the core, the gamma ray log, and the CPT 
demonstrate that the sands in the upper 15 m are arranged into 
two sharp-based fining-upward sequences. Pebbles were 
observed in this core at the base of these sequences. 

A similar sharp-based fining-upward sequence can be 
recognized in a CPT and an older borehole log from a nearby 
site at the Airport (Fig. 3), which in this case was sampled 
closely enough to record the abrupt base of the sand unit. 
Here too, there is a gravel component in the lower part of the 
sand. Another borehole log from the Airport (Fig. 4) also 
records the sharp base of the sand unit and the upward fining, 
from sand with gravel at the base to silty sands at the top. 

The sand in the delta topset is arranged into one or, less 
commonly, more fining-upward sequences in nearly every 
borehole and log in the subaerial delta plain. The sand thus 
forms a nearly continuous unit that is generally 10 to 20 m 

N CONE 
BEARING FRICTION RATIO 

At (%) 2~t (bar) 

4 .9 km .6 
CONE 

BEARING 
at (bar) 

4.9 km 
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thick and that has a sharp base with several metres of local 
relief (Fig. 5 and 6). The sands range from fine to coarse, and 
commonly have a gravel component. 

The east-west cross-section (Fig. 6) also shows how the 
sand unit climbs and the overlying upper tidal flat and 
floodplain silt unit thins from east to west, reflecting the rise 
in sea level as the delta prograded westward (Williams and 
Roberts, 1989). In the second log from the east end of this 
section, an upper sharp-based fining-upward sand unit also 
occurs near the top between 4 and 12 m. In the easternmost 
log the upper and lower sands observed in the log to the west 
have merged to form an unbroken sand unit 40 m thick. 
Gravel was reported in nearby boreholes in the lower 5 m of 
the sand. 

DISCUSSION 

The arrangement of sands into sharp based fining-upward 
sequences is typical of channel deposits. The sharp irregular 
base indicates an erosional contact. In contrast, surficial 
deposits at the present delta front appear to grade down from 
sands on the tidal flats to silts on the foreslope (Luternauer 
and Murray, 1973; Hart et aI. , in press). The delta topset 
sands are interpreted to be distributary channel sands rather 
than tidal channel deposits. Coarse sand and gravel size 
material occur in distributary channels and not normaIly in 
other environments (Clague et ai., 1983). Furthermore, the 
overall thickness is generally consistent with the depth of 
distributary channels. The sand unit at the top of the second 

10.4 km .6 
CONE BEARING 

Ot (bar) 
FRICTION RATIO 

Rf(%) 

s 

Figure 5. Fraser delta: north-south CPT cross-section along western margin of subaerial plain. The 
southernmost log directly offsets GSC borehole 87-1, reported by Luternauer et al. (1991), and 
Clague et al. (1991). Vertical scale in metres. 
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Figure 7, Changes in channel position at the mouth of the Main Channel, 1827 to present. Former channel 
positions have been obtained from old charts and maps. The present channel is indicated by a cross-hatched 
pattern and the north side is bounded by a jetty. Land areas are stippled. From Clague et al. (1983). 

Figure 8, Photograph of a trench in a beach beside an active distributary channel at the head of the delta. 
Note the interbedding of coarse sand and laminated silts and sands. Depth of trench about 0.5 m. See 
Figure 1 for location. 
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10cm 
Figure 9. Photograph of split core from a site in central Lulu 
Island. Note interbedding of medium grained sands and 
laminated sands and silts. Between 11 and 11.2 m. See 
Figure 1 for location. 

log from the east of Figure 6 can be confidently attributed to 
a distributary channel, since it occurs immediately beside an 
active distributary channel , which is incised to almost the 
same depth as the base of the sand. 

Consequently, the borehole data demonstrate that the 
subaerial plain is underlain by a nearly continuous unit of 
distributary channel sands. The entire subaerial topset has 
been reworked by channel migration, which has eroded the 
original upper foreslope and tidal flat deposits. 

PATTERNS OF CHANNEL MIGRATION 

Historically, channel migration to accommodate the 
accumulation of channel sands has been only reported where 
the distributaries cross the tidal flats. Figure 7 shows the 
migration of the Main Channel that has been recorded over a 
100 year period prior to construction of the jetties which now 
control its position (Milliman, 1980; Clague et aI., 1983). 
During that period, a significant portion of the tidal flat area 
appears to have been reworked. 
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A stratigraphic sequence that is interpreted to represent 
channel migration across the tidal flats has been observed in 
a continuous core taken near Ladner in the southern delta 
(Fig. 1). There, the topset sand is 23 m thick and consists of 
fine- and medium-grained sands with occasional pebbles, 
disarticulated whole shells, and clasts of silt. It is directly 
overlain by burrowed silts and sands interpreted to be tidal 
flat deposits. Pebbles and shells occur in sands at the base of 
the present Main Channel where it crosses the tidal flats 
(unpublished borehole data). 

Extensive channel migration and abandonment on the 
subaerial plain has not been directly observed, but has been 
inferred from geological and geomorphological evidence. 
The linear gap in the peat bogs in eastern Lulu Island has 
been interpreted to be an abandoned former distributary 
(Fig. I; Clague et aI., 1983), and sloughs beside the major 
channels indicate that some channel migration has 
occurred. Channel migration on the delta plain has 
probably not been as important as channel migration across 
the tidal flats, since the upper foreslope deposits have been 
entirely eroded, and thick floodplain silts are preserved in 
the eastern delta. 

Subaerial delta plain channel sands may perhaps be 
recognized by the absence of shell debris, and the presence 
of unburrowed laminated silt interbeds at the top - such as 
those observed in a shallow trench we dug on a beach beside 
an active distributary channel at the head of the delta (Fig. 8). 
Similar interbedded sands and laminated silts have been 
recognized at the top of channel sands in several boreholes 
(Fig. 9). 

CONCLUSIONS AND IMPLICATIONS 

Distributary channel migration in the Fraser delta has 
produced a nearly continuous composite unit of sand 
generally 10 to 20 m thick underlying the surficial silts of the 
subaerial delta plain. Although most of the recent channel 
migration (i .e. prior to jetty construction) occurred where the 
channels cross the tidal flats, channel migration on the delta 
plain can also be recognized in the sedimentary record, and 
may have been more significant in the past. 

There are several implications to this conclusion. Firstly, 
much of the bedload of the river has been stored in channel 
deposits in the topset. The effect of artificial channellization 
of the Main Channel across the tidal flats is to impede channel 
migration, and thus curtail this process. 

Secondly, thick sheet-like sands in large deltas are 
generally associated with wave dominated settings (Wright, 
1985), but the predominance of channel sand deposits in the 
topset attests to the importance of the river's influence. The 
extent of channel migration in forming a nearly continuous 
sand is unusual and has probably been determined by the high 
proportion of sand in the sediment load. Thus, the extensive 
top set channel sand of the Fraser delta, with its erosional and 
diachronous base and occasional marine fossils, is potentially 
a useful stratigraphic model. However, in order to properly 



develop the model, more work is required to understand the 
evolution of the sand and to confirm the envjronmental 
signatures. 

Finally, subsurface mapping of a modem delta can be 
successfully used to highlight important modem processes 
that operate on a time scale longer that direct scientific 
observation. 
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Sedimentology and lithofacies associations of the 
Fraser River delta foreslope, British Columbia 
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Abstract: Five lithofacies were recognized from piston cores examined for this study. These lithofacies 
are: 1) massive silty clay with minor organics and rare parallel laminations, 2) silty clay to clayey silt with 
rare parallel silt and very fine sand laminations, 3) clayey silt with silt or very fine sand interbeds, 4) silty, 
very fine- to medium-grained sand units with less than 10% thin clay or silt interbeds, and 5) debris flow. 
Facies 4 can be subdivided based on the presence or absence of silty-clay interbeds, and individual sand 
bed thicknesses. 

Lithofacies distribution patterns suggest that the Fraser delta foreslope is dissected by a number of both 
active and inactive channels. These channels serve as a mechanism for sediment bypassing across the 
foreslope. It is hypothesized that they debouche as a series of prodelta depositional lobes. 

Resume: On a identifie cinq lithofacies en examinant des echantillons recueillis avec un carottier a 
piston, aux fins de la presente etude. Ces lithofacies sont : 1) une argile silteuse massive accornpagnee de 
petites quantites de matiere organique et de quelques rares laminations paralleles, 2) une argile silteuse ou 
un silt argileux a rares laminations paralleles de silt et de sable tres fin, 3) un silt argileux a intercalations 
de silt ou de sable tres fin, 4) des unites de sable silteux, tres fin a moyen, dont moins de 10 % se composent 
de minces intercalations d'argile ou de silt, et 5) des coulees de debris. Le facies 4 se laisse subdiviser selon 
la presence ou I' absence d' intercalations d' argile silteuse, et I' epaisseur des couches individuelles de sable. 

Les modes de distribution des lithofacies semblent indiquer que Ie prodelta du Fraser est disseque par 
plusieurs chenaux actifs et chenaux inactifs. Ces derniers permettent Ie detournement des sediments a 
travers Ie prodelta. On suppose qu 'ils debouchent en formant une serie de lobes sedimentaires prodelta"iques. 

I Department of Geology, University of Alberta, #1-26 Earth Sciences Building, Edmonton, Alberta T6G 2E3 
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INTRODUCTION 

This study documents preliminary sediment distribution 
patterns and lithofacies associations in the Fraser River delta 
foreslope. These data constitute part of the GSC's ongoing 
research into environmental and geohazards assessment of 
the Fraser River delta slope, the specific objectives of which 
include: 1) documentation of rates and patterns of 
sedimentation, and 2) analysis of sediment stability 
conditions on the delta slope. This study focuses on sediment 
dispersion patterns by detailing eighteen piston cores 
collected from the Fraser delta foreslope aboard the research 
vessel CSS Vector during 1989. All cores were described 
using a process sedimentologic approach to identify 
sedimentary facies and genetically related stratigraphic units. 
Selected half-slab intervals were subsequently 
X-radiographed to test for fine-scale structure in massive 
clayey-silt units, and to look for evidence of bioturbation 
(Moslow et aI., 1991). 
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The study area for this project consists of a ISO km2 

section of the delta foreslope offshore Sturgeon and Roberts 
banks (Fig. 1). Water depths in the main study area range 
from less than 50 m to greater than 200 m at an average 
gradient exceeding 3.0°. Concern over the stability of this 
slope and its subariel equivalent, in response to seismic 
loading, has provided the impetus for this and related studies. 

GEOLOGICAL SETTING 

The Fraser River delta is the largest and most important delta 
on Canada's Pacific coast. The Fraser River drains 
approximately 250 000 km2 of mountainous terrain with peak 
discharge during the snowmelt freshet in late spring and early 
summer (Milliman, 1980). Within the Fraser River estuary, 
a pronounced tidal influence, approaching 5 m at the river 
mouth (Kostaschuk and Luternauer, 1989), is superimposed 
on the fluvial regime. Tidal range within the estuary 
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Figure 1. Study area location map. Area enclosed within rectangular box is detailed in Figure 2. (Modified 
from Maslow et aI., 1991; Kostaschuk et aI., 1992). 
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decreases upstream and with increasing discharge (Ages and 
Woolard, 1976), and in conjunction with fluvial discharge 
produces a pronounced salt-wedge which strongly affects 
local sedimentation rates and mechanics (Kostaschuk and 
Luternauer, 1989). 

The Fraser delta shoreline along Georgia Strait is 
approximately 40 km in length. The seaward margin of the 
delta consists of a series of broad tidal flats, up to 9 km wide, 
with average slopes of less than 0.1 0

; the foreslope extends a 
further 5 to 10 km seaward at an average slope of 1.50 (Clague 
et aI., 1991). 

LITHOFACIES ANALYSIS 

A total of eighteen piston cores were collected from the Fraser 
River delta slope offshore the southern half of Sturgeon Bank 
and the northern half of Roberts Bank (Fig. 2). These cores 
were divided into lithofacies using a process sedimentologic 
approach to the recognition of genetically related 
depositional units. Five lithofacies were recognized, and one 
was further divided into three subfacies. Lithofacies 
characteristics and distributions are summarized on Table I 
and are shown schematically on Figure 3. ' 

Figure 2. Detailed bathymetry and 1989 piston core locations 
in the study area. Cross-sections A-A' through 0-0' are 
discussed in the text. 
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Facies 1 

Lithofacies I is a silty clay with a minor organic component 
consisting of rafted and disseminated plant material. This 
unit is generally massive and internally structureless, with 
only rare parallel laminations. 

Facies I is the most common facies in the study area 
constituting over 40% of all core recovered. It is common in 
the more distal portion of the delta slope, and in areas that are 
not subject to active processes of sedimentation, and was 
recovered from water depths ranging from 50 m to 280 m. 
Depositional mechanism is gravity settling from suspension 
in an area of restricted clastic input and extremely low energy. 

Facies 2 

Lithofacies 2 is composed of silty clays to clayey silts which 
are generally massive, with rare parallel silt laminations. 
This unit tends to be dense and compacted, and remains 
cohesive after dehydration. Both rafted and laminated 
disseminated organics are present, as are rare shell fragments 
and occasional burrows. The entire facies contains less than 
10% silt and very fine sand laminations, but locally may 
consist of a visually estimated 15% to 20% of these coarser 
grain sizes. Silt laminae exhibit plane parallel laminations 
and fine sand lenses locally exhibit wavy to lenticular 
bedding. Individual laminae are typically 5 mm or less in 
thickness. 

Facies 2 is the second most widely distributed facies 
recognized in the study area and represents approximately 
27% of recovered core. Facies 2 is, in part, gradational with 
facies I; the two facies combined total just under 70% of all 
sediment recovered in the study. Depositional mechanisms 
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Figure 3. Sedimentological lithofacies features illustrated in 
Figures 4-7. 
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Table 1. Summary of lithofacies characteristics and distribution from the Fraser River delta foreslope 

FACIES LITHOLOGIC DESCRIPTION 
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1 silty clay with minor disseminated organics; 
black when fresh, oxidizes to olive green; 
frequently water saturated 

2 silty clay to clayey silt; 
<10% silt/fine sand laminations by volume; 
disseminated organics, rafted and laminated 

3 clayey silt with silty, very fine to 
medium grain sand interbeds; 
contacts either gradational or abrupt 

4a silty very fine to medium sand with less 
than 10% silt/clay interbeds; 
contacts either gradational or sharp 

4b silty very fine to fine sand beds less 
than 10 cm thick; isolated 

4c silty, fine to medium sand; massive; 
abrupt contacts 

5 resedimented plant detritus, woody organics, 
shell fragments, mud clasts and silty very
fine to medium grained poorly sorted sand in 
a silty clay to clay-silt matrix 

CORES 

89A-01 
89A-06 
89A-18 
89A-21 

89A-22 
89A-23 
89A-40 

89A-06 
89A-07 
89A-19 
89A-20 
89A-40 
89A-41 
89A-44 

89A-21 
89A-39 
89A-46 

89A-03 
89A-18 
89A-20 
89A-23 
89A-39 
89A-41 
89A-42 
89A-44 
89A-45 
89A-46 

89A-06 
89A-20 
89A-21 
89A-23 
89A-39 

89A-25 
89A-44 

89A-40 

INTERVAL 
(metres) 

top 
top to 2.3 
top to 1.5 
3.8 to base 

top to 1. 55 
0.3 to base 

0.8 to base 

top to 3.9 
top to 0.22 
top to 0.35 
top to 0.28 
2.6 to base 

1,.5 to 3.8 
top to 0.55 
top to 0.22 

2.3 to base 
3.9 to base 
1. 55 to base 
0.55 to base 
0.35 to base 

1. 65 to 2.60 

0.45 to base 

0.66 & 0.8 
3.25 
2.93 to 3.0 
1. 25 to 1.3 
0.45 m ? 

0.10 to base 
0.28 to 1. 65 

0.22 to 0.30 



for facies 2 include suspension settling combined with silt 
laminae deposited directly from the entrained layer of dilute, 
low density turbidity currents. 

Facies 3 

Lithofacies 3 is a clayey silt unit with silt and/or very fine 
sand interbeds; interbeds constitute approximately 25% to 
50% of the facies by volume. Silt interbeds consist of thin 
plane parallel laminations. Sand lenses are silty, contain 
significant concentrations of both disseminated and bedded 
detrital organic constituents, and generally are preserved as 
2 to 3 cm thick lenticular beds. Where no sand is present, this 
facies varies from facies 2 only in total silt content. 
Intrafacies contacts may be either sharp, or more commonly, 
gradational. 

Facies 3 is a relatively minor component in cores 
acquired, totalling less than 10% of the recovered core. This 
facies is gradational with the coarser members of facies 2 
and represents a similar mixture of suspension sedimen
tation combined with deposition from the entrained layer of 
unconfined turbidity currents. Background hydraulic 
regime is interpreted to be slightly higher energy for this 
facies, as reflected by the greater percentage of silt in the 
suspended sediment load. This is compatible with the 
restricted recovery of this unit from unchannelized 
environments in the upper to middle delta foreslope. Each 
of the three intervals in which this facies was noted are cut 
by thin turbiditic sand lenses. 

Facies 4 

Facies 4 includes all silty, very fine- to medium-grained sand 
units with less than 10% thin «5 cm) clay or silt interbeds. 
This facies can be divided into three subfacies based on the 
presence/absence of silty-clay interbeds, and individual sand 
bed thicknesses and geometry. 

Facies 4a includes those units with appreciable silty-clay 
content. Bed contacts may be either sharp or gradational in 
character, and locally show some evidence of loading. 
Bedding may be either massive, or wavy to lenticular. 
Internal structures include normal and inverse grading, with 
local plane parallel laminations marked by silty-clay and/or 
concentrations of rafted organics. Soft sediment deformation 
is present locally and includes both oversteepened 
laminations and rare convolute bedding. Sand beds are 
frequently poorly sorted, immature lithic sands with high 
matrix and organic content. 

Well developed thickening- and coarsening-up sequences 
in some cores, and fining-upwards sequences in others, 
reflect a variety of depositional patterns including channel 
progradation, migration, and abandonment. Facies 4a 
constitutes approximately 19% of all cored lithofacies in the 
area, and is the predominant sand unit in the study. 

Facies 4b is composed of isolated, silty, very fine to fine 
sand beds less than 10 em thick. Beds are poorly sorted, 
generally massive, and may have either sharp or gradational 
contacts. Within piston cores from the study area, this facies 

R.W. Evoy et al. 

is volumetrically insignificant, and is usually found as thin 
units within facies 1 and 2. The sands in these beds are not 
in equilibrium with their surrounding facies, and their abrupt 
contacts are suggestive of a weakly erosive component to the 
flow. Facies 4b represents deposition from unconfined 
turbidity currents. 

Facies 4c includes two massive, fine to medium sand 
beds, each greater than I m thick. Both occurrences exhibit 
sharp upper contacts, and the one example in which the 
bottom contact was penetrated has an abrupt basal contact 
marked by clay rip-up clasts. 

Facies 5 

Facies 5 consists of a single debris flow found near the top of 
a thick facies 1 interval collected in piston core VEC89A-40 
from a water depth of 212 m in a prodelta/basin plain 
environment (Fig. 2). This unit exhibits an erosive base with 
an abrupt top, internally massive or chaotic bedding, and a 
muddy matrix with large wood fragments, shell fragments, 
and mud clasts (Table 1). There is no direct evidence of 
active channels or channellized flow in cores collected 
upslope from this site, however a pronounced embayment in 
the upslope bathymetric contours is of appropriate scale to 
represent a significant slump scar on the foreslope. 

LITHOFACIES RELATIONSHIPS 

To test for lateral patterns in lithofacies distributions across 
the study area, a series of three longitudinal and one 
transverse cross-sections were constructed (Fig. 2). 

Section A-A' was constructed across the delta slope north 
of the Sand Heads sea valley. VEC89A-21 and VEC89A-20 
represent interchannel environments on the upper foreslope 
in an area transected by numerous small-scale gullies. These 
gullies appear to be inactive based on bathymetry, and have 
likely been dormant since completion of Steveston Jetty. 
VEC89A-21 consists of a thick unit of facies 3 within 
facies I, and may represent a paleo-levee (Fig. 4). 
VEC89A-20 consists almost entirely of facies 2 with a thin 
fining-up unit of facies 4a at the base and may represent an 
abandoned channel sequence. 

VEC89A-19 represents an interchannel environment on 
the middle foreslope and is composed entirely of facies 2. 
VEC89A-18 and -23 were deposited on the lower foreslope 
and consist of facies 1 overlying facies 4a. Bed contacts and 
internal structure of facies 4a suggest sediment-gravity flow 
mechanisms; beds are both normally- and inversely-graded, 
wavy to parallel laminations are common, and bed contacts 
are abrupt and locally loaded. 

One thin (7 cm) sandy interval with abrupt contacts and 
loaded base was . noted at a depth of 3.0 min VEC89A-21, 
and consists of poorly sorted immature sand with a muddy 
matrix. This bed may be correlative with other sediment 
gravity flow deposits immediately down slope from this 
location. 
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B-B' is a longitudinal section located immediately 
seaward of two abandoned tidal channels on Roberts Bank. 
One metre of core recovered from an interchannel 
environment in the upper foreslope consists of interbedded 
facies 3 and 4c overlying facies 4a. A single loaded contact 
was noted at the base of a 10 em thick facies 4c unit; 

A' 

oversteepened lamination immediately underlies this. Larger 
scale oversteepened laminae, marked by rafted organics, are 
present near the base of the interval. 

VEC89A-44, -42 and -41 consist of thick channellized 
sequences overlain by finer grained sediment (Fig. 5). The 
channellized sands are silty, very fine- to medium-grained, 
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moderately sorted and clean. The units are predominantly 
massive, but locally exhibit well developed wavy and/or 
plane parallel laminations and rare clay rip-up clasts. 
These cores appear to reflect northward channel migration, 
with VEC89A-42 representing the current bathymetric 
expression of the channel. The channel currently appears 
to be inactive. 

C' 

RW. Evoy et al. 

VEC89A-45 was cored in a prodelta setting along the 
trend of this channel system. This interval consists of greater 
than 80% massive, fine to medium sand, with thin beds of 
clayey silt and rafted organics. Internal deformation locally 
consists of oversteepened bedding and convolute lami
nations. Sedimentation at VEC89A-45 appears to be by 
traction mechanisms, and this site likely represents a 
depositional lobe associated with the above channel system. 
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Section C·C' was constructed with a common point to 
section B·B' on the upper foreslope (Fig. 2). Site 
VEC89A-39 (lower-middle foreslope) appears to represent 
an abandoned channel sequence, with facies 4 overlain by 
facies 3 (Fig. 6). Depositional processes include 
channellized flow at the base, waning upsection to 
unconfined turbidites and suspended sediment. As there is 
no bathymetric evidence for a channel up slope from this site, 
sedimentation rates must be sufficiently high to bury the 
morphologic expressions of abandoned channels. Recent 
seismic data reveal indications of conformable sediment 
drape covering channel floor locally (Hart et aI., 1992, in 
press). 

The prodelta environment cored in VEC89A-40 consists 
of a thick accumulation of facies 1 with a thin unit of facies 
5 debris flow near the top of the interval. Although there are 
no active channels upslope from this site, a pronounced 
embayment in the bathymetric contours between VEC89A-40 
and VEC89A-39 (Fig. 2) may represent a significant slump 
scar on the foreslope. 

Section D-D' is a transverse section running the length of 
the delta foreslope from VEC89A-39, through the abandoned 
channel at site VEC89A-42, to the active channel in Sand 
Heads valley (Fig. 7). The interpreted channel sequence at 
site VEC89A-39, and the inactive channel on section B-B' 
have been described in detail above. Sites VEC89A-44, 41, 
and 42 appear to reflect northward channel migration with 
site 42 representing the current bathymetric expression of the 
channel. Depositional environments include both the 
inactive channel and associated levee complex. 

VEC89A-07 represents interchannel sedimentation on the 
lower foreslope. Deposition is primarily from suspension 
with minor deposition from the entrained layer of unconfined 
turbidity currents. Rare sand-filled burrows are associated 
with thin sand intervals between 2.8 m and 3.4 m. Rafted 
organics and wood fragments, both disseminated and bedded, 
are present in the non burrowed intervals. 

VEC89A-03, along the flank of the main channel of the 
Sand Heads valley, is composed entirely of facies 4 and 
represents a well developed, stacked channel sequence with 
normally graded beds and pronounced coarsening- and 
thickening-up bed sets. Deposition is from traction and 
channellized turbidity currents. VEC89A-06 was drilled 
adjacent to VEC89A-03 on the inferred levee of the Sand 
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Heads valley (Fig. 2). The cored interval constitutes a weakly 
defined fining upwards sequence with facies I overlying 
facies 2 and minor amounts of facies 4b. Interpreted 
depositional processes include channel-overbank or 
inter-channel flow by dilute, unconfined turbidity currents, 
with concurrent background deposition of silty clay from 
suspension. 
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Abstract: The viscosity of magmatic material is too low for it to penetrate kilometres of crust in the 
sizes and shapes of common plutons. The viscosity of salt in diapirs is about 1Q16p. The very viscous dacite 
extruded at Usu, Japan, was comparatively much more fluid with a viscosity of 1Q10p, a difference of about 
six orders of magnitude. If the viscosity of dacite can be extrapolated to tonalite magma, roughly circular 
tonalitic plutons should be smaller than salt domes, if they could form at all. Magmatic plutonic material 
should form only dykes and small pipes comparable in size to feeders of volcanic flows. The existence of 
plutons requires a crustal process capable of reducing the viscosity of parts of the lower crust (> 1 022p) to 
the range between it and salt. The process begins with the breakdown of some hydrous minerals in the 
lower crust, and creates a 'zone of plutonism'. 

Resume: La viscosite des materiaux magmatiques est trop faible pour qu'ils puissent traverser des 
kilometres de la croute terrestre sous forme de plutons habituels. La viscosite du sel dans les diapirs est 
d'environ 1Q16p. Les laves dacitiques tres visqueuses qui se sont epanchees a Usu au Japon etaient 
relativement plus fluides, avec une viscosite de 1Q10p, soit une difference d'environ six ordres de grandeur. 
Si les valeurs de la viscosite de la dacite se laissent extrapoler au magma tonalitique, les plutons tonalitiques, 
qui sont approximativement circulaires, devraient etre plus petits que les domes de sel s'ils etaient 
effectivement en mesure de se former. Les materiaux magmatiques des plutons ne devraient constituer que 
des dykes et de petites cheminees de dimensions com parables a celles des cheminees emettant des coulees 
volcaniques. L'existence des plutons implique l'action d'un processus crustal susceptible de reduire la 
viscosite de portions de la croute inferieure (> 1 022p) a un point se situant entre cette valeur et celIe du sel. 
Le processus commence par la decomposition de certains mineraux hydrates dans la croute inferieure, et 
cree une «zone de plutonisme». 
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INTRODUCTION 

The mechanism by which magma is brought up through many 
kilometres of crust in the shape and size of common plutons 
is not intuitive. In fact, it may not be possible. Many factors 
bear on the shape and size of intrusive bodies but their major 
dimensions are closely related to the difference in viscosity 
between the mobilized material and that of the confining 
envelope. If the difference is large, structures within the 
envelope will profoundly affect the structure of the intrusive 
body. Fractures will be filled with dyke-like bodies and 
variations in the competency of the envelope material will be 
exploited. A difference in viscosity alone, however, will not 
ensure that intrusion takes place. Mobilization will result only 
if the stress field is great enough to exploit the viscosity 
difference; the greater the difference, the less stress required. 
In plutonic environments stress can be enormous and must be 
to exploit the relatively small difference between pluton 
viscosity and that of the crust. 

PLUTONS AND SALT DIAPIRS 

An intrusive body, by its size and shape conveys some sense 
of what its viscosity must have been during emplacement. 
Plutons are commonly much larger than salt diapirs. Even the 
largest salt diapirs, like those of the Great Kavir ("salt desert") 

of northern Iran (Jackson et aI., 1990), are only a fraction of 
the size of major plutons in the Coast Plutonic Complex and 
elsewhere (Fig. 1). It is difficult not to conclude that during 
emplacement, plutonic material is more viscous than salt. 
This conclusion, however, raises other problems. 

The viscosity of salt in salt diapirs is known to be about 
lQl6p, (Weinberg, 1927; Jackson et aI., 1990), which is 
considerably more viscous than ice in glaciers (about lQI4p). 
In contrast the very viscous dacite extruded at Usu, Japan, 
was much more fluid with a viscosity of 101Op. In Figure 2, 
which shows the viscosity of some relevant materials, only 
that of pI utons and upper mantle cannot be measured directly. 
The latter is derived from the rate of isostatic rebound 
following deglaciation. It falls in the range of 1020p to lO22p 
although it is not certain at what level compensation takes 
place (lower crust, mantle, or asthenosphere). The size and 
shape of common plutons indicates a viscosity during 
emplacement greater than that of salt (probably by at least an 
order of magnitude) and less than that of crust and/or mantle. 
A value near lQI8p seems probable, yet is impossibly high for 
any magma. 

If the viscosity of the Usu dacite could be extrapolated to 
tonalitic magma, such plutons should be considerably smaller 
than salt diapirs, if they could form at all. Having a viscosity 
many orders of magnitude less than salt, magmatic material, 

PLUTONS and SALT DIAPIRS 
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40 krn 
Roddick 1992 

Figure 1. Samples of plan views of plutons and salt diapirs, illustrating their relative sizes. 



whether destined for a volcano or a pluton, should penetrate 
the crust through fractures, only as dykes and small pipes, 
comparable in size to feeders of volcanic flows. 

There are, of course, complications. Some plutons have 
dykes emanating from them that are comparable in 
dimensions to volcanic dykes, although granitoid in texture. 

Figure 2. Approximate viscosities of some relevant 
materials. 

This implies that apophyses during emplacement have much 
lower viscosities than their parent plutons. In this regard, the 
coal intrusion at Corbin, British Columbia (Fig. 3), is 
instructive, not only as an example of the diverse materials 
which may be induced to intrude crustal strata, but also in 
shedding light on the mechanism involved. This intrusion is 
remarkable in that a thin (about 15 cm) dyke emanates from 
it. Coal usually does not form intrusive bodies, indicating 
either a normal viscosity comparable to other upper crustal 
strata, or, if the viscosity is slightly less, that the stress field 
is rarely great enough to exploit the difference and initiate 
intrusion. It is possible that the viscosity of the main body of 
the coal 'pluton' was reduced a little by the introduction of a 
small amount of water. The viscosity of the coal dyke, 
however, was reduced much more. It was almost certainly 
very wet. This would be a natural result of greater water 
penetration of the margin of the intrusion, aided possibly by 
fracturing during intrusion. 

A similar mechanism may account for apophyses 
emanating from granitoid intrusions. In the hypothetical case, 
shown in Figure 4, a water-rich margin to the pluton is 
postulated to have formed during intrusion though 
water-bearing strata. The high water content of the margin 
may reduce its viscosity to common volcanic values (about 
lOS-lOp), but not affect the very high viscosity of the main 

Corbin, B.C. 

° 0 o C) 
C) O 00 

C) rubble 
.. ....... -.. -.-. C:::::J 

Figure 3. Cross-section of a coal intrusion at Corbin, B.C. Drawn from a photograph taken in 1980. 
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body of the pluton. This picture, however, is probably too 
simplistic. Although water will unquestionably reduce mass 
viscosity, can realistic amounts cause reductions of eight or 
more orders of magnitude? Probably not, even in the more 
water-rich margins. But the increase in water there may 
induce minor grain-boundary fusion. This additional factor 
could bring the viscosity down to required levels. 
Incidentally, it follows from this scenario that the sudden loss 
of the hydrous fluid, through country rock fractures would 
result in miarolitic cavities. 

DENSITY BALLOONING 

One of the more common depictions of granite emplacement 
is by density balloons. The central Andean transect shows 81 
of these 'solutions' (Omarini and Gotze, 1991). Density 
ballooning was once almost synonymous with halokinesis, 
but has been convincingly questioned as the principal driving 
force of salt diapirs (Gould and de Mille, 1968). The problem 
is that the density difference between salt and its customary 
enclosing sedimentary strata is not great enough to overcome 
the strength of the latter. The hydraulic pumping mechanism 
for emplacing salt diapirs was illustrated by Balk (1949) from 
his studies of the Great Saline salt dome in Texas. He showed 
the sedimentary salt moving radially into the diapir, then 
pushing upwards through the enclosing strata (Fig. 5). Should 
the head of a salt diapir lose its connection to source beds 
either by their exhaustion or by faulting, upward movement 
ceases. Strong evidence that density difference is not the main 
driving force behind diapirism is provided, also, by the 
anhydrite diapirs and dykes found on Axel Heiberg Island 
(Gould and de Mille, 1968), Ellef Ringnes Island (Heywood, 
1957) in the Canadian Arctic and elsewhere. These bodies are 
essentially devoid of halite, and have densities greater than 
nearly all of the sedimentary strata they penetrate. 

The same case can be made for plutons. Most silicic 
plutons (specific gravities in the 2.60-2.70 range) are less 
dense than the country rock, but no evidence indicates that 

pluton 
-10 18 P 

qounlrv rock 

?~Q22 P 

1- ; 

Figure 4. Diagrammatic shoulder of a pluton showing 
assumed viscosities of pluton core, water-rich margin, dyke, 
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the related forces are great enough to overcome crustal 
strength. In any event, many high density, mafic plutons with 
densities greater than their wall rocks exist. 

Like salt diapirs, plutons appear to be driven upward by 
hydraulic pumping, in sizes and shapes consistent with their 
viscosity during emplacement. One magmatic scenario 
postulates that magma penetrates most of the crustal 
thickness as dykes, and swells to balloon shapes at high 
levels. This requires that lateral confining forces become les.s 
than the vertical, and fracture-widening supplants 
fracture-propagation. Also puzzling for balloon-shaped 
plutons is the rarity of inward-dipping (converging) pluton 
contacts which should result wherever erosional levels 
intersect plutons below the level of their maximum width. 

Hutton (1992) has proposed that plutons could be built up 
by the injection of multiple dykes. Except for sheeted 
complexes, however, there is little evidence to support the 
mechanism. The problem of developing granitoid textures 
and differentiation patterns in dyke magma is a major 
detraction. Even for sheeted complexes, it seems much 
simpler to develop the plutonic texture and sheeted structure 
at depth before emplacement, probably by thrusting. 

The low viscosity of magmas seems to exclude them from 
a serious role in pluton emplacement. An alternative 
hypothesis, however, can be constructed, and this leads to the 
concept of the zone of plutonism. 

ZONE OF PLUTONISM 

Although developed during work on the Coast Plutonic 
Complex of British Columbia, the following concept is not a 
locale-specific scenario. As generalized in Figure 6, 
amphibolitic-grade rocks extend down to where some 
hydrous minerals become unstable, and their disintegration 
forms a hydrous phase that commonly finds no exit. It can 
rarely be more than a lacy network, easily disrupted, but its 
pervasiveness over extensive volumes of lower crust seems 
unpreventable and has profound effects. Mineral reorganization 

Figure 5. Idealized typical salt diapir; based on the Grand 
Saline salt diapir of Texas, but similar to many others (after 
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Hypothetical connection 
between plutons and the zone of 
plutonism, analogous in 
principle to that between salt 
diapirs and their source beds. 
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by pressure dissolution, diffusion, and precipitation (i.e., 
metasomatism) is inevitable wherever the rock is 'wet'. It is 
not dependent on flow of the hydrous fluid, only on its 
presence. This is the zone of plutonism (Pzone, hereafter). In 
it diffusion rearranges the mineralogy (and thereby the 
chemical distribution within the pzone) so as to conform to 
the existing temperature-pressure pattern. Minerals are 
destroyed by metasomatism and more stable minerals 
formed, and the overall grain size increased. By becoming 
coarser, the rock takes on a plutonic appearance. Within the 
limits of the hydrous network the hotter parts (normally 
deeper), become more basic and denser, and the cooler 
regions, more sialic and lighter, simply because of the 
difference in stability between mafic (also calcic) and sialic 
minerals, respectively. The division is marked symbolically 
in Figure 6 by the amphibolite departure line (AD! = 0). The 
AD! of a plutonic rock is simply its specific gravity subtracted 
from that of a hypothetical amphibolite, 2.89 (and multiplied 
by 100 to clear the decimals). The AD! is a simple way of 
measuring the amount of evolution of plutonic material from 
a common protolith, which is almost certainly amphibolite 
judging from its overwhelming dominance as the lithology of 
xenoliths in plutonic terranes. 

Besides chemical effects, intergranular hydrous fluid has 
mechanical effects. It greatly facilitates creep and shearing 
(i.e., decreases viscosity), and seems to lead, to the 
development of semihorizontal structures. The shears, 
enhanced by fluid, make the Pzone seismically more 
reflective and electrically more conductive. Only a few 
tenths of a per cent of water can increase the conductivity of 
crystalline crustal rocks by several orders of magnitude 
(Connerney et aI., 1980). Speculatively, in cratonal crust the 
zone of plutonism may be defined by the Conrad 
discontinuity at the top and the Moho at the bottom. 

Although the effect of intergranular hydrous fluid is the 
reduction of mass viscosity, the reduction is probably not 
great except in local areas where hydrous fluid may be more 
abundant. For mobilization of substantial rock volumes it 
need not be, providing that the differential stress field is 

sufficiently great, and, in fact, must not be if large plutons 
are to form. Subduction may be required to generate and 
transmit forces great enough to cause intrusion. As 
envisioned in Figure 6, the mechanism of pluton 
emplacement is a larger scale version of salt diapirism. Creep 
of lower crustal material towards the base of a plutons is 
subhorizontal. As noted by Nelson (1992), "Moho beneath 
the intern ides of these belts [old collisional orogens] is 
typically sharply reflective, flat, and, from a structural point 
of view, 'late' in that it either crosscuts dipping reflectors in 
the overlying crust (e.g., Klemperer and Matthews, 1987) or 
acts as a decollement for overlying dipping reflectors (e.g., 
Cook et aI., 1992)." The inflow-creep prevents the Moho from 
bowing up beneath plutons, and ensures a compensating 
sinking of surrounding regions as well as an upper crustal 
tensional environment. Curiously, the long term result of 
pluton intrusion is crustal thinning. 

It follows, however, that in the zone of plutonism much 
larger volumes of the crust will become granitoid than will 
be mobilized to form plutons. Much of that material never 
reaches the surface, but some is brought to the surface 
tectonically, rather than by intrusion of plutons. In the Coast 
Plutonic Complex, that material forms the heterogeneous 
'matrix granitoids' into which well defined plutons are 
emplaced. 
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