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ABSTRACT 

The Upper Cretaceous Nanaimo Group, for mor e than one hundred 
years subject of study of many geologists and paleontologists, is b e ing restud
ied by Muller (geology and stratigraphy) and J e letzky (biochronology) . 

The gr oup is n ewly subdivided in four succeeding transgressive 
sedimentation cycles. Each contain s most of the following successive facies: 

(1) Fanglome rate (angular , unsort ed) and greywacke : basal fluvial and 
coastal deposits. 

(2) Conglomerate (well-rounded, sorted), grit, sandstone: deltaic and 
shoreline deposits. 

(3) Sandstone, shale a n d coa l (plant foss ils) : shore-bar and lagoonal 
deposits . 

(4) Siltstone, shale minor sandstone, many thick-shelled fossils: n e arshor e 
marine deposits. 

(5) Thin-bedded siltstone-shale turbidit e sequences, few fossils are amm
onites: offshore deposits . 

Previous workers recogniz ed the alternation of conglomerate
sandstone and siltstone- shale formations and established a double formational 
succession, one for the Nan aimo Basin and one for the Comox Basin. With 
some changes in corre l ation two formational names have been reta ine d for 
each cycle, giving a success i on of eight alternat i ng mainly nonmarine and 
mar ine formations. A ninth and youngest formation is nonmarine. 

Economic coal deposits were formed in the Nanaimo Gr oup in the 
Comox Basin during the first cycle and in the Nanaimo Basin during the sec
ond cycle. 

Six faunal zones and subzones are estab lished on the basis of 
ammonites and inocerami and integrated with the depositional cycles . 

The lower two faunal subzones correspond to McGugan' s (1962) 
Rugog l obigerina zone; the middle three to his Cibicides voltziana zone and the 
uppe r subzone to his Bolivina incrassata zone . 

The sedimentary basin occupied in the earlie r cycles the south
western part of the Strait of Georgia and adjacent areas of Van co uver Island 
w ith a southward oceanic connection. In the later cycles parts of northern 
Vancouver Island and the mainland were also submerged but the basin was 
probably closed off to the south and open to the north . 

The structure features mainly northwestwardly tilted blocks, sep
arated by northwesterly longitudinal normal faults and by northea5terly cross
fault s . Near the fault zones beds a re flexured steeply and close 1 y folded; 
otherwise strata are flat or gently inclined. 
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STAGE ZONE AND SUB ZONE FORMATION CYCLE 
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---------------
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GEOLOGY OF THE UPPER CRETACEOUS 

NANAIMO GROUP, VANCOUVER ISLAND 

AND GULF ISLANDS, BRITISH COLUMBIA 

INTRODUCTION 

The Nanaimo Group of western British Columbia embraces a lat e 
Upper Cretaceous sequence of sandstone, conglomerate, shale and coal. It 
is exposed along parts of the east coast of Vancouver Island and on the adja
cent smaller islands in the Strait of Georgia and Queen Charlotte Strait, 
mainly in British Columbia but with small areas in the San Juan Islands group 
in the State of Washington. 

Since about 1850 the economic value of its coal deposits has 
draw n the attention of geologists and the locally abundant fossil fauna and flora 
have been studied by several paleontologists. Regional mapping of Vancouver 
Island, undertaken by Muller in 1963 and still continuing, entail ed a review 
of Nanaimo Group stratigraphy. This necessitated substantial biochronolog
ical field and office work by Jeletzky. The present paper is a progress 
report on these joint studies of the Nanaimo Group. 

Special thanks are due to those who contr ibut ed in many ways to 
the inve stigation. K.J. Roy, M.E. Atchison and J.R. McLean aided mate
rially by describing and sampling many stratigraphic sections and making 
fossil collections and valuable support of the work was received from many 
undergraduat e field assistants. M.E. Atchison also aided substantially in 
the preparation of text figures. Messrs. S. B. W. Isachsen, W . W. Johnstone 
and W. Frew of Canadian Collieries Resources Ltd. and Mr. R. Bonar with 
other officials of the British Columbia Department of Mines and Petroleum 
Resources were most h e lpful by supplying information on the coal mines . 

The following American and Canadian paleontologists facilitated 
J e letzky' s r e search by pe rmitting him to study the relevant Upper Cretaceous 
collections and types in their care or by prov idin g him with original speci
mens or plaster casts of the same : Dr. David L. Jones of United States 
Geological Survey, Was hington, D. C.; Dr. Leo Hertl ein of the California 
Academy of Science, San Francisco, California; Dr. Joseph H. Peck, Jr. of 
the Paleontology Department, University of California, Berkeley; 
Dr. W.P. Popenoe of the Geology Department, University of California, 
Los Angel e s; Dr. R. V. Best of the Geology Department, University of 
British Columbia, Vancouver . 

Project 630014 
Ms. received 24 February, 1969 
Authors' addresses: Geological Survey of 

Canada, 
601 Booth Street, 
Ottawa 4, Ontario 

(J e l etzky) 

Geological Survey of 
Canada, 

100 West Pender Street, 
Vancouver 3, B. C. 

(Muller) 
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STRATIGRAPHY 

(J.E. Muller) 

Previous Work 

The earliest geological reports, dealing briefly with Nanaimo 
Group sediments , are those of N ewbe rry (1857) and Hector (1861), both mad e 
in the course of exploratory survey expeditions. 

Richardson (1872, 1873) was the first to record detailed strati
graphic sections of the Cretaceous beds in the Comox region and to establish 
the general succession (Table I). He found the coal measures directly over
lying the "crystalline rocks" (mainly Triassic basaltic lavas). Above these 
he distinguished three succeeding conglomeratic units, separated by marine 
shales. In the Nanaimo region, where his work was less detailed, he consid
ered the productive coal measures and ove rlying marine shales to be correl
ative to the lower two divisions of the Comox area but did not subdivide the 
overlying formations . 

Dawson (1887) reported on the Upper Cretaceous rocks of the 
northern 1Suquash1 area and (1890) first proposed the- name Nanaimo Group 
for the entire Upper Cretaceous succession. 

Clapp (1 912a to 1 914b) and Clapp and Cooke (1 91 7) carried out 
geological mapping in south Vancouver Island and established and named the 
succession of formations in the Nanaimo area. This work has become a 
standard reference on the Nanaimo Group. The subdivision into successive 
conglomerate- sandstone formations and shale for mations appears generally 
valid and comparable to that of Richardson in the Comox Basin (Table I). The 
stratigraphy was entirely based on lithology as Clapp believed that identical 
Upper Cretaceous marine faunas occurred throughout the Nanaimo Group. 

MacKenzie (19 22 , 1923) continued Clapp' s and Clapp and Cooke's 
work and left two papers on the Alberni and Comox areas before his untimely 
death. Williams (1924) carried on in the Comox area and in an unpublished 
thesis changed Richardson's informal subdivisions into formation names. 

Only part of the work of Buckham (l 947a and b) on the Nanaimo 
Group has been published but some of his accumulated information is con
tained in Usher's publication. Usher (1949, 1952) concerned himself mainly 
with the ammonite fauna of the Nanaimo Group which he collected, described, 
and illustrated in detail but he also gave detailed descriptions of the forma
tions and established several biochronological zones of Santonian to 
Mae strichtian age, thereby refuting Clapp' s assumption of pale ontological 
uniformity throughout the seque nce. 

Bell (1957) made a study of the available fossil plant collections 
and drew general conclusions on age and correlation. 

McGugan (1962, 1964) made a study of the foraminifera of the 
marine shales. By his biochronologic correlation he showed indirectly that 
the productive coal measures of the Comox and Nanaimo basins, until then 
considered to be of equal age by all previous workers, were indeed not corr
elative. McGugan' s stratigraphic correlations were adopted by Williams and 
Burk (1 964) and a similar conclusion was drawn, by Crickmay and Pocock 
(1963) on the basis of fossil pollen and spores. 
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Geographic Distribution 

Nanaimo Group sediments are present along the east coast of 
Vancouver Island, in outliers farther inland to the west, and on islands in the 
Strait of Georgia to the east. Buckham (l 947a, p. 460) distinguishes five 
basins of deposition: the N·anaimo, Comox, Cowichan, Alberni, and Suquash 
basins. Present 'basins' probably do not correspond to original areas of 
deposition but are largely determined by post- Cretaceous block-faulting and 
tilting and preservation of the sediments in structurally depressed areas. 
Outcrop areas of the Nanaimo Group may be designated as follows: 

The Port McNeill ('Suquash') area, a coastal strip about 20 
miles long, probably contains a thickness of less than 1, 000 feet of Nanaimo 
sediments. The earliest discovery of coal was made there (1835) but despite 
several attempts at mining very little coal was ever produced due to unecon
omical seam thickness. Small related occurrences of Nanaimo beds are now 
known on the west coast of Hope Island in Queen Charlotte Strait and east of 
Neroutsos Inlet. 

Comox Basin or area is the name for the c oastal strip of Upper 
Cretaceous rocks between Campbell River and Bowser. The name originated 
with Richardson (1872) who found Comox Harbour, now the city of Courtenay, 
to be the nearest settlement to the coal deposits of that area. The present 
v illage of Comox is on a drift-covered peninsula but as the name Comox 
Basin is we ll established in geological literatur e it is b e st retained. This 
region contains the Cumberland and Tsable River coal deposits in the Comox 
Formation with many abandoned mines. Coal has also b een drilled but not 
mined in the· Quinsam a nd Oyster River areas. Younger formations are 
exposed on Denman, Hornby and Texada islands. 

Cretaceous outcrops along the Upper Quinsamand Oyster rivers, 
and on Mount Washington and Forbidden Plateau are outlie rs of the Comox 
Basin occurring at elevations of 4, 000 feet and over. They are noted for thick 
sills of dacite and the Mount Washington quartz diorite stock with associated 
breccias that intrude Cretaceous beds. 

In the Alberni Basin, Cretaceous rocks have been preserved in 
the Alberni Valley grab en. No coal has been discovered here and as the rocks 
are poor ly exposed and only one drillhole has ever been recorded, relat ive ly 
little is known about the geology. Outliers to the west are on Thunder 
Mountain and on Patlicant Mountain, the latter contains a thick dacite sill. 

The term Nanaimo Basin or area is used her e to designate the 
Cretaceous rocks in the vicinity of Nanaimo, and those of the Gulf Islands. 
Most of the coal from Vancouver Island w as produced from this region 
between 1 853 and 1953 from Wellington and Douglas seams. Here too the 
youngest formations are exposed only on the Gulf Islands east and southeast 
of the productive area. Between Comox and Nanaimo Basin there are outliers 
of Nanaimo beds, also with dacite sills, at the head of Englishman and 
Nanaimo rivers. 

The Cowichan Basin or area is, like the Alberni Basin, pre
served in a complex graben structure, though only narrowly separated bypre
Cretaceous rocks from the Nanaimo Basin . Its geology is also less we ll 
known due to absence of coal seams but exposures are better than near 
Alberni. Fossils found to dat e have substantiated the presence of the lower 
part of the Nanaimo Group. 
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Finally, equivalents of the Nanaimo Group are known in the 
Mount Garibaldi area (Mathews, 1958), the Fraser Lowlands and in north
western Washington State (Miller and Misch, 1963) but these areas are not 
included in the present summary. 

Conditions of Sedimentation 

The Nanaimo Group sedimentary succession may be viewed as 
a series of transgressive cycles (Fig. 1), each exhibiting a progression from 
(a) fluvial to (b) deltaic and/or (c) lagoonal, to (d) nearshore marine and (e) 
offshore marine. They are similar to Upper Cretaceous formations on the 
eastern side of the Cordillera in general lithology and intertonguing relation
ships of marine and nonmarine beds (e.g. Young, 1955). Young defines the 
megacyclothems of the Upper Cretaceous of Utah as developing from marine 
shale at the bottom through littoral marine sandstone to lagoonal deposits 
with coal at the top indicating a regressive hemicycle. So far as can be 
judged from available information the Nanaimo Group shows such cycles in 
reverse, indicating gradual transgression. 

The various sedimentary facies are named here after the forma
tion that displays them prominently or exclusively. Most are present in each 
cycle, but the coal-bearing lagoonal facies is only found in the first cycle in 
the Comox Basin and in the second cycle in the Nanaimo Basin. 

The Benson-type facies (fluvial) are dark green and brown col 
oured, poorly bedded fanglomerates and associated greywackes occurring in 
irregular lenticular masses of small areal extent and extremely variable 
thickness. The components are unsorted subangular boulders, pebbles and 
grit, mainly of pre- Cretaceous volcanic material. Granitic clasts are rare 
even on a granitic substratum. The material has been transported over only 
a short distance and the deposits are probably basal conglomerates, formed 
along shoreline cliffs during transgression or in inshore valleys and canyons. 

The Extension-type facies (deltaic) is also a coarse elastic 
facies where conglomerate, pebbly sandstone and arkosic sandstone are inter
bedded. The components are well-worn and well- sorted and consist mainly 
of resistant rock types like white quartz, black ar gillite and light green or 
grey chert. The sandstones are commonly crossbedded and consist mainly 
of quartz, feldspar, biotite and hornblende. It is suggest e d that the material 
was transported and reworked along beaches by marine currents and finally 
came to rest in an environment of deltas and shore bars. In several con
glomerates, pebbles derived from distant sources are mixed with larger , 
more angular clasts, a few up to 6 feet diameter, of schist, volcanic and 
granitic rocks of nearby origin, and sandstone, shale and calcareous concre
tions from older Nanaimo Group units. The contrast between well-rounded 
quartz and chert and larger , subangular clasts of less resistant rocks is in 
many instances striking. The well-worn material was probably carried in by 
waves and currents along the shore, the angular boulders by local streams 
or by wave- erosion of seacliffs. 

The Comox-type facie s (lagoonal) is a variant of the Extension
type facies. The elastic material is also quartzofeldspathic, but it generally 
lacks the conglomeratic phase. On the other hand it contains numerous inter
calations of carbonaceous shale and coal, here and there carrying plant 
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fossils. This facies, which contains the coal seams of the Nanaimo Group, 
is thought to have originated in lagoons and swamps, separated from the sea 
by shore bars (Buckham, l 947a). The rather special condition s occurred 
only at one time interval in the Comox Basin and again at a later time in the 
Nanaimo Basin. 

The Haslam-type facies (nearshore marine), represented by the 
lower few hundred feet of the Haslam and Cedar District formations is a litt
oral facies. The beds are massive, poorly bedded sandy shale and shaly 
sandstone with generally abundant thick- shelled foss il s indicating near shore 
deposition. These beds were laid down at shallow depths subject to disturb
ance by wave action. 

The Cedar District-type facies (offshore marine) exhibits thick 
successions of graded beds inferred to be turbidites. Much of the Cedar 
District, Northumberland and Spray formations consist of such sequences. 
They are fine•grained sandstones, siltstones and shales in which individual 
graded units are 1/4 inch to 6 inches thick . Individual units commonly exhibit 
complex overturned slump-folds between undisturbed subjacent and superja
cent units. The slumps, which occur in units ranging in thickness from less 
than 1 inch to several feet, reflect sliding of the upper layers of sediments 
down the ancient sea floor, and thus can be used to determine the direction 
of the paleoslope of the basin. Distance of movement of these 'diminutive 
overthrusts' ranges from a few inches for thin units to as much as 10 feet for 
sandstone beds of about one foot thickness. Similar structures in the coal 
seams were described by Clapp (1914a), who attributed them to local folding 
and faulting. Predominantly shaly sections are also layered in units, 3 inches 
to 2 feet thick, consisting mainly of massive shale, but with a bottom layer 
of fine sand and silt less than 1/4 inch in thickness . Fossils in these rocks 
are rare and are always found at the parting of two shale- siltstone layers. 
Calcareous concretions are locally common and maybe products of diagene sis. 

This Cedar District-type facies was deposited in deeper water 
than the Haslam facies, below the wave base, where wave action could not 
destroy the fine laminations and intricate convolutions of the sediments . 
Each graded unit probably resulted from a flood of suspended material carr
ied down the sea slope from the near shore area, set in motion by a storm or 
similar trigger mechanism, and settling in ordered fashion according to the 
relative settling velocities. The rare remains of pelagic molluscs sank to 
the bottom in intervening times. 

Though not all these facies may be found in one single section, 
the ge n eral progression from the shallower to the deeper facies may be rec
ognized in each cycle. Slow subsidence of the basin was apparently not quite 
compensated for by sedimentation. Ultimately each cycle was interrupted 
by rapid re-emergence, generally not accompanied by sedimentation , where
after a new cycle followed. The lithological succession is schematically rep
resented in Figure 1. Each cycle is shown with a horizontal base and with 
approximate thicknesses. Northeastward thinning of conglomerate- sandstone 
units coupled with thickening of siltstone- shale units is shown from left to 
right , but the apparent widening of the break between cycles in that direction 
is not truly representative; rather it i s believed that the marine shale units 
may merge in the deepest part of the basin. 

The following shows the succeeding sedimentary cycles and their 
component formations, facies, and main lithology (discontinued formational 
names in brackets). 
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Fifth cycle (incomplete) 

Deltaic: Gabriola; sandstone, conglomerate, shale 

Fourth cycle 

Marine: Spray; shale 

Deltaic: Geoffrey; sandstone, conglomerate 

Third cycle 

Marine: 

Deltaic: 

Second cycle 

Marine: 

Deltaic: 

Northumberland (Lambert); shale, siltstone, fine
grained sandstone 

De Courcy (Denman); conglomerate, sandstone 

Cedar District; shale, siltstone, fine- grained sandstone 

Extension; conglomerate, sandstone 

Lagoonal: Protection; sandstone, shale, coal: Douglas seam at 
base 

Lagoonal and littoral marine (regressive phase): Wellington 
Member; sandstone, shale, coal: Wellington Seam 

First cycle 

Marine: Haslam (Trent River); shale, siltstone, fine-grained 
sandstone 

Lagoonal: Comox; sandstone, shale, coal 

Flu vial: Benson; conglomerate, greywacke 

Comox Formation 

The Comox Formation w ith Benson basal conglomerate is the 
lower part of the first depositional cycle. Clapp introduc e d the names in 
1 912 (a and b) for the coal- bearing sequence in the Comox Basin, and for 
basal conglomerate in the Nanaimo area. Due to erroneous correlation of the 
coal measures in the two basins, he did not realize that the two formations 
are succeeding facies of the same stratigraphic unit. It is now established 
that both Comox a nd Benson underlie marine beds with the Santonian Naumanni 
fauna. The Benson conglomerate is therefore to b e considered as the basal 
conglomerate member of the Comox Formation. 

Distribution and thickness 

The Comox is exposed in all the Nanaimo Group areas on 
Vancouver Island and on Saltspring Island but is best developed in Comox 
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Basin. There the beds have been laid down in three subbasins (see sec. A-B, 
Fig. 11): the Quinsam area in the north, the Cumberland area in the middle, 
and the T sable River area in the south. 

In the first area named both Benson conglomerate and Comox 
sandstone are well exposed on Oyster River. Here borehole 13, just south 
of the river, penetrated 1, 345 feet of strata , consisting of conglomerate, 
overlain by sandstone, shale and coal (Fig. 4 , sec. lB). Another 400 feet of 
conglomerate, under lying this sequence, outcrops upstream in the river 
(Fig. 4, sec. lA) and yet another 400 feet of partly marine sandstone, overly
ing the b e ds, are partly exposed farther downstream. 

In the Cumberland ar ea, site of all but one of the former coal 
mine s of the Comox Basin (s ec·. A -B and Fig. 2) the Comox is exposed on 
Browns, Puntledge, and Trent rivers and has been drilledin manyboreholes. 
The re the basal conglomerate is thin or abs e n t and the compl e t e thickness 
of sandstone, shale and coal is about 6 00 feet. 

In the Tsable River area, where one coal mine was worked until 
recently, the formation is similarly develop e d to a thickness of about 700 
feet and only a f ew of the bor e holes r eveale d up to 20 feet of conglomerate at 
the base. 

On Mount Washington and Forbidden Plateau outliers of the 
Nanaimo Group cons ist partly of Comox sandstone and B e nson conglomerate , 
intrude d by several sills of dacite porphyry. 

In the Alberni Valley Comox sandstone and some conglomerate, 
probably l ess than 300 feet thick (Fig. 4, sec. 3), overlain by marine Haslam 
shale are pr esent in the northeast and w ithin and south of the city of Alberni. 
Benson conglomerate is exposed on the edge of Beaufort Range. Between 
these are as, in Stamp Falls Provincial Park, the Comox is apparently absent 
b etween marine shale and underlying Karm•.itsen volcanic rocks. 
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The area between Comox and Nanaimo basins contains several 
outliers of Nanaimo beds in t h e Englishman River and upper Nanaimo River 
areas. In the latter t h ere is 800 feet o f conglomerate a nd san dstone {Fig. 4, 
sec. 4), and on Englishman River an estimated 400 feet, b ut on Qualicum River 
Haslam shale directl y overlies g ranitic rocks and the Comox is absent. 

In the Nanaimo Basin Brannan Creek exhibits less than 200 feet 
of Comox sandstone , perhaps underlain by thin conglomerate {only expos ed on 
a sidehill) but nearby, in a small ravine south of Boomerang Lake, 150 feet 
of conglome rat e is exposed. Ha slam Creek cuts throu gh a gorge of c on glom
erate and sandstone about 1, 000 feet thick (Fig. 4, sec. 7a) . In the Cowichan 
area the bluffs of Mount Tzuhalem east of Duncan reveal some 700 feet of 
Benson conglomerate (Clapp and Cooke, 1917, p. 223) but on Koksi lah River 
a few feet of conglomerate and about 100 feet of sandstone overlie Karmutsen 
volcanic rocks. Lastly, conglomerate i s present on Moun t Maxwell on 
Saltspr in g Island, but near Yeo Point, southe ast of Ganges (Fig . 4, sec. 8) 
140 feet of sandstone, in part pebbly, overli e Sicker schists. T hus the thick
ness and relative proportions of sandston e, con glomerat e, shal e and coal 
exhibit conside rab l e local var iation, reflecting succeeding fluvial, de lt a ic , 
l ag oonal or littoral envi ronment. 

Lithology (s ee Fig. 4) 

Individual litholo gie s are rather uniform throughout the entire 
region . The Benson conglomerate consists mainly of poorly sorted , subangu
lar clasts c ommonly to mor e than one foot in size in dark green, rusty 
we athering greywacke matrix. Atchison {1968) found in a count of randomly 
p i cked pebbles and cobbl es from Wilfred Creek in Tsable R ive r area 80 per 
cent volcanic clasts (mainly Karmutsen, possibly some Sicker); 15 per cent 
g ranitic rocks, and 5 per cent quartzitic metasedimentary rocks (Sicker and 
Bonanza) . The matrix was found to be angular to subangular quartz, 50 per 
cent; feldspar (mainl y alt e r e d plagioclas e ) 20 per cent ; biotite 10 per cent; 
and volcanic rock - fragments 10 per cent. The predominance of Karmuts en 
bas ic volcanic rocks is typical for most B e nson exposures, even where the 
underlying rocks are granitic as for instance on Nanaimo River. But in 
places, for instance Cottam Point north of Nanoose, boulder s several feet in 
size are d e rived mainly from underlying Sicker greywacke . N o general study 
of conglomerates and t h eir matrices has yet b een made, b ut the W ilfr ed Creek 
example suggests that a l though the boulde rs we re largely derived from n ea rb y 
volcanic rock, the finer sand o r iginate d mainly from mor e d istant granitic 
rocks . 

The Comox is b e st exposed in steep bluffs of massive sandstone. 
These rocks ar e well cemented but gen erally not quartzitic, except n e ar intru
sive contacts such as found on Mount Washington. They are evenly medium 
grained, light to dark grey, and weather to light rusty or dull brown colours . 
T he components are sub rounded, well - sort e d quartz and fe ldspar and minor 
biotite and hornblende. Other parts of the format ion consist of alternations 
of sandstone , commonly crossb e dded or festoon -bedded, gre enish grey shale 
and coal. These l ess resistant to weathering parts are only exposed in river 
beds but are we ll docume nted in the drillhole records. They contain much 
carbonaceous material and in some places beds w ith fossil plants . The shale
coal- sandstone units, separated by barren sandstone units can generally be 
traced from borehole to borehole. Within the units, generally 10 to 30 feet 
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thick, there are commonly three to five individual seams, separated by shale, 
shaly coal and minor sandstone. The seams split and merge from place to 
place and the possibility of economic recovery varies accordingly. Three 
seams, named Number One, Number Two and Number Four seams have been 
mined from eight slope or shaft mines in the Cumberland area (Fig. 2). They 
vary in thickness from about 30 inches to 8 feet and are of high volatile A 
bituminous grade. 

Basal unconformity 

The basal unconformity below the Nanaimo Group is well known 
from exposures and drillholes. It represents a considerable eros ional inter
val where the und erlying rocks are mainly Karmut sen volcanic rocks. In the 
Quinsam area they include also Jurassic volcanic rocks and in the Nanaimo 
and Cowichan region the unde rlying formations are in large part Sicker Group 
and granitic rocks. Generally formations of the first cycle of deposition are 
at the base of the Nanaimo Group but in areas marginal to the basin of depo
s ition, basal beds belong to the second cycle . Either Benson conglomerate, 
Comox sandstone, or Haslam shale may directly overlie the pre- Cretaceous 
'basement', depending on the local depth of the basin and rapidity of 
transgression. 

The unconformity surface exhibits considerable relief. In out
crops 5- to 10 - foot vertical rock faces, buried by basal Cretaceous sedi
ments, were observed. The uneven unconformity surface has been not ed by 
many earlier workers. MacKenzie (1922) descr ibed an occurrence on Tsable 
River w h ere "an old knob of pillow lava is overlain at one place by about five 
feet of fine pearl grey shale, capped by a coal seam seven feet thick. Five 
hundred feet distant there is at least 100 feet of strata between this coal and 
the pre - Cretace ous rocks. The intervening strata .... wedge out as they 
approach the original knob. This filling of the .... depressions in the old 
surface is a characteristic feature of the basal Upper Cretaceous unconfor
mity and has been previously noted by Richardson, Dawson, and Clapp." A 
rock-island that locally cuts out Number Four Seam has been delineated by 
the surrounding mineworks and borings (Fig. 2). Apparently it stood above 
the coal swamp of the o lder seams but was barely buried at the time Number 
One seam was formed . 

The age of the Comox is determined by fossil plants and marine 
fauna. Bell (1957) studied Comox plant material in exist ing Geologi cal Survey 
of Canada collections. On the basis of the number of species, con specific or 
related to species from formations of known age elsewhere, he could define 
the age to w ithin the range. Santonian to Maestricht ian . Pollen and spores 
from the Comox were described and discussed by Rou se (1957) and C rickmay 
and Pocock (1963). The latter authors inferred a probable Santonian age for 
the Comox. Marine fossils occur locally in the C omox and Jeletzky (this 
paper) places these in the Naumanni zone of upper Santonian age. 
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Haslam Formation 

The Haslam Formation comprises the upper marine part of the 
first cycle of deposition of the Nanaimo Group and consists of marine shale, 
siltstone and minor sandstone with upper Santonian to lower Campanian fauna. 

Name 

The name was introduced by C.H . Clapp (l 9 12a, p. 97) for the 
lower shales of the Nanaimo Basin. Shales overlying the Comox Formation 
in the Comox Basin were named Trent River by the same author (l 912b, 
p. 105). In his report Clapp mentioned the similarity of the Trent River to 
Cedar District shales of the Nanaimo area. Later the correlation of 'Trent 
River ' and Cedar District (see Table I) was adopted by Williams (1924 , p. 93) 
and Usher (1952, p. 38) . Usher admitted there were paleontological argu
ments in favour of a Haslam-Trent River correlation and the latter inter
pretation is now firmly established on the basis of the molluscan fauna 
(Jeletzky, this report). It was earlier proposed by McGugan (1962) and 
Crickmay and Pocock (1963) on the basis of microforaminifera. However, 
shales outcropping on the lower part of Trent River and on the west side of 
Denman Island, included in the 'Trent River' by Usher, are corre lated with 
the Cedar District Formation by the present writers too. Reasons for this 
interpretation w ill be given in the section on Extension-Protection Formation 
and Jeletzky's discussion of equivalents of the Vancouverense Zone in Comox 
Basin. It is here proposed to abandon the name 'Trent River' (not yet 
recorded in the Index to Geologic Names of North America) in favour of 
Haslam Formation. 

Usher (1952, p. 22) also introduced the Qualicum Formation, 
said to be exposed on Little Qualicum River, Englishman River and near 
Northwest Bay and believed to be overlain by the Comox Formation. The 
stratigraphic position of this formation has been questioned earlier (Jones, 
1963, p. 14) . These beds overlie Karmutsen volcanic rocks on Englishman 
River and granitic rocks on Little Qualicum River, and contain in both 
in stances a Naumanni subzone (Fig. 1) fauna. The present wr iter has not 
discovered any outcrops of Comox sandstone, overlying 1Qualicum' shal e and 
includes these beds in the Haslam Formation. The name Qualicum Formation 
should also be discontinued. The stratigraphic position of the beds near 
Northwest Bay is discussed in the section on the Extension-Protection 
Formation. 

Distribution and thickness 

Haslam shale is generally only exposed in rivers and coastal 
cutbanks, but is also known from many drillholes. In the Oyster River area 
there is no Haslam shale and the upper part of the Comox sandstone, carry
ing the Naumannifauna, may be coeval with it. The Haslam ('Trent River 
shale') is we ll developed in Cumberland and Tsable River areas w ith a thick
ness of 200 to 400 feet (Figs. 2 and 4). The much greater thicknesses quoted 
by previous authors are a result of not separating Haslam and Cedar District 
shales in dr illh~le logs. 

On Forbidden Plateau about 100 feet of marine, locally fossil
bearing shale, hardened by the porphyry intrusions into argillite, is present 
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above 5, 000 feet elevation on Strata Mountain. An equal thickness of shale 
is exposed on Mount Washington. In Alberni Valley, on the headwaters of 
Englishman and Nanaimo rivers and on Little Qualicum River, Haslam shale, 
generally less than 200 feet thick, overlie Comox sandstone, conglomerate, 
Karmutsen volcanics, or granitic rocks. 

Haslam shale is present throughout Nanaimo Basin. As it 
underlies the coal-measures it has therefore been drilled less extensive ly 
than in the Cumberland area. According to the writers' interpretation of 
boreholes and sections on Brannan and Haslam creeks the thickness varies 
from 200 to 500 feet (Fig. 4). 

Finally the Haslam i s present in undetermined thickness in the 
Cowichan area and with about 500 fe e t thickness in the middle part of 
Saltspringisland(Fig. 4, sec. 8). 

Lithology (see Fig. 4) 

The Haslam consists mainly of poorly bedded, blocky to 'rubbly' 
dark grey shale, silty shale and siltstone, here and there containing sandy 
beds of a few feet thickness and layers of calcareous concretions. The shales 
may be divided into bedded units, 6 inches to two feet thick, separated by thin 
silty laminae. In weathered outcrops the shale layers commonly disintegrate 
into rows upon rows of dark rusty brown ellipsoidal shapes, that are about 
one foot in horizontal diameter. The ellipsoids are layered in onion-skin 
fashion and peel off in a manner not unlike the exfoliation of some granitic 
rocks. This type of weather_ing has been observed in all shale-units of the 
Nanaimo Group as well as in some of Lower Cretaceous age. 

Sandstone dykes, cutting the shales at high angles to the bedding, 
from a few inches to several feet wide, are common in the Haslam and the 
younger shale-formations and have been described in the unpublished theses 
of Williams (1924) and Usher (1949, pp. 55-61). They are very fine grained 
to coarse grained quartz-feldspar-mica sandstones with, in places, abundant 
shale fragments. Some dykes are composite and platy to fissile, with fe ld
spar and mica oriented parallel to the walls. They were intruded as sand
suspensions into cracks of semiconsolidated shale- sequences and forced 
upward by the weight of overlying shales on subjacent bodies of water
saturated sand ('quicksand'). 

The facies of the Haslam appears to be mainly the nearshore 
fossiliferous 'Haslam type' facies of shale, sandy shale, and sandstone. 
Layered turbidite offshore sediments of Cedar District type have not def
initely been recognized in the available sections. 

Basal contact 

The contact between Comox and Haslam formations may b e 
sharp, as on Trent River, where shales with marine fossils directly overlie 
coal-bearing sandstone (Fig. 4, sec. 2) or gradational as on Brannan Creek, 
where the lower part of the Haslam is marine sandy shale and shaly sandstone 
(Fig. 4, sec. 5) or on Oyster River and Haslam Creek, where Comox-type 
sandstone contains marine fossils (Fig. 4, sec. 1 ~nd 7). In such cases the 
contact is arbitrarily drawn where the rocks change from predominant sand
stone to predominant shale. In some places, such as Stamp River and Little 
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Qualicum R iver, the Haslam directly overlies the pre-Cretaceous basement, 
with only a thin veneer of conglomerate. 

According to Jeletzky the Haslam contains the upper Santonian 
Naumanni sub zone and the lower Campanian Haradai sub zone in all areas. 
The succeeding Schmidti zone is only represented in the Nanaimo Basin. 
The Haslam is further distinguished by the microfaunal Rugoglobigerina zone 
(McGugan, 1962). 

Extension-Protection Formation 

Names 

The formation is the basal part of the second depositional cycle. 
Clapp (191 Za, pp. 95- 99) named a large number of formations within the coal 
measures of the Nanaimo area, from top to bottom: 

Protection Formation: 
Douglas Seam: 
Newcastle Formation: 
Newcastle Seam: 
Cranberry Formation: 
Extension Formation: 
Wellington Seam: 
East Wellington Formation: 

mainly sandstone 
coal 
conglomerate, sandy shale 
coal 
sandstone, shal e conglomerate 
mainly conglomerate 
coal 
sandstone 

These formations (shown on Figs. 1 and 3) cannot be disting
uished outside the coal mining area. In this report it is proposed to consider 
them as members of one s ingle formation, to be named Extension-Protection 
Formation after the most prominent members. 

Distribution 

The formation is best exposed in the area around Nanaimo and 
on Newcastl e and Protection islands. There its maximum thickness is esti
mated to be 1, 900 feet. Outside the mining area the thickness decreases 
sharply and the formation is represented by conglomerate and pebbly sand
stone without coal seams. To the south, small areas of the formation overlie 
Haslam shale in the Cowichan area with an estimated maximum thickness of 
500 feet. In the middle part of Saltspring Island the thickness is ZOO feet near 
Yeo Point. Extension conglomerate is also exposed along the south shore of 
North and South Pender islands where thickness may exceed 1, 000 feet. North 
of Nanaimo some isolated areas of conglomerate and sandstone near 
Parksville and the coal-bearing beds of Lantzville are included in the 
formation. 

In the Comox Basin the Comox Formation has traditionally been 
correlated with the coal measures of the Nanaimo Basin, but it is now known 
to be older. However, a highly lenticular conglomerate-sandstone formation, 
overlying Haslam shale, Comox coal measures, or Karmutsen vol canics is 
known from manydrillholesand a few outcrop areas. MacKenzie (1922, p. 394) 
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Through Nanaimo 
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already reported that an 'intraformational' conglomerate "locally fills holl
ows cut by contemporaneous erosion and in one part of the area has cut out 
nearly the whole thickness of the Comox Formation, including the contained 
coal seams". The writer believes that this conglomerate formation repre
sents the Extension-Protection Formation (Figs. 1, 2 ; sec. A-B on Fig. 11). 

The formation is exposed north of Trent River, on Bloedel Creek 
and north of Tsable River. Two other areas may be outlined in the subsur
face from boring data. One is north of Trent River; the other larger one sep
arates the Cumberland and Tsable Rive r coal fields and is more than 1, 000 
feet thick in boring 40 at Langl e y Lake. However, on Trent River the forma
tion is inferred to w edfe out to a thin sandy laye r that separates Haslam and 
Cedar District shales. The failure of Trent River to intersect the conglom
erate may be because the rive r follows a topographic depression, possibly 
du e to differential compaction of the N anaim.o sediments that caused areas 
with the conglomerate in the subsurface to be higher than those w here it is 
absent. 

In the Alberni VallP.y Extension-Protection sandstone over lies 
Haslam shales in the northern part. Isolated conglomerate on Thunder 
Mountain directly overlies granitic rocks but is probably Extension-Protection 
equivalent, because it carries clasts of limestone concretions presumably 
derived from Haslam shale. 

On Texada Island basal conglomerate overlying Karmutsen 
Formation on Mouat and Cook creeks carries the Schmid ti fauna and therefore 
also represents the Extension conglomerate. 
1 

S e e Addendum 1, page 70 
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Lithologica l and Faunal Correlation of 

First Depositional Cycle (Comox and 

Haslam Formations) in Comox Basin 
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Figure 5. LITHOLOGICAL CORRELATION OF SECOND DEPOSITIONAL CYCLE 

Extension- Protection and Cedar District Formations 
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Lithology and thickness (~ Fig. 5) 

The lithological succession of the Nanaimo Basin coal-bearing 
sequence induced Clapp to subdivide them into the five formations listed above 
(now regarded as members of the Extension-Protection Formation). Their 
probable relationships are illustrated in Figures 3 and 4 which show that the 
full thickness of the formation containing all m e mbers is not represented at 
any one locality. The writer believes that the relationship between Extension 
and Protection is similar to that between Benson and Comox, The Extension 
is a marginal coarse conglomeratic phase of the second depositional cycle 
and grades northeastward into the conglomeratic to shaly sandstone of the 
Cranberry and overlying Protection. 

Figures 3 and 4 also show the position of the two main coal 
seams of the Nanaimo Basin, the Wellington and the Douglas. They occur and 
have been mined in two separate, roughly parallel belts, each less than a 
mile wide, Clapp (1914a, p. 103) states that theWellington"doubtlessextends 
w ith a variable thickness beyond the outcrop of the Newcastle and Douglas 
seams, a t a depth of 800 to 1, 200 feet". However, the scanty evidence of 
drill records , some of which were not available to Clapp, rather suggests 
little or no overlap of areal extent of the two seams. 

Clapp called the beds overlying the Haslam shale the East 
Wellington sandstone, He mentions exposures in a few places in the 
Wellington district below the level of the Wellington seam, and the writers 
believe that the sandy beds of Northwest Bay and Blunden Point represent the 
same stratigraphic level. They are sandstone and sandy shale, mainly 
quartzofeldspathic, but with admixture of volcanic material, containing scatt
ered pebbles, and with numerou s concretions of calcareous sandstone, Clapp 
gives a thickness of 25 to 50 feet, but a boring in the Nanoose District pene
trated 156 feet of predominantly sandstone above Haslam sandy shale with 
minor sandstone and the contact is gradational. Thus the East Wellington 
would appear to be a regressional phase of the Haslam and is taken as the 
beginning of the second depositional cycle of the Nanaimo Group. 

The overlying Wellington coal seam is present and has been 
mined in two principal areas, northwest of Nanaimo in the Wellington District 
and to the south in the Extension District, They are separated by faults and 
by the pre-Cretaceous rocks of M ount Benson. The first mines of the coal 
mining empire, built by Robert Dunsmuir, were in this seam in the Wellington 
area, most later ones in the (therefore so named) Extension area , 

Clapp (l 914a, p. 103) quotes average seam-thicknesses of 4 to 
7 feet in the Wellington seams and the rank is high volatile A bituminous, The 
floor is commonly sandstone and the roof may be sandy shale, sandstone, or 
conglomerate. 

In the Wellington District the main Wellington No. l seam has 
several companion seams, the Little Wellington or No. 2, No. 3 and No. 4 
seams, respectively 35, 60 and 75 feet above the main seam (Buckham, 
1947b). 

Of particular interest are the 'rolls' described by Clapp (l 914a, 
p. 105) where a seam "pinches gradually to virtually nothing and then thickens 
to 10 feet. Although the floor may be nearly smooth, the roof in passing from 
the thin to the thick portion of the seam rolls sharply, ~nd often irregularly 
upward. In some places the roof is even overturned, at least 25 feet in one 
place, These sharp rolls are locally called 'faults'. Invariably at the thin 
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places or 'pinches' the coal is dirty or slickensided, while in the thick places, 
or 'swells' it is clean, black in colour, with a sub-brilliant lustre, and 
broken only by a few irregular joints ..... In some places the coal is clean 
and unfractured against the upturned roof, but more commonly it is somewhat 
slickensided and even contorted. The roof at the rolls is always contorted 
and slickensided. The strike of the rolls corresponds with the strike of the 
measures, that is northwest to west, and the pinches occur on the . northeast 
or north side of the rolls, with the corre spending swells on the opposite side. 
Where the seam is overlapped, the overlap is to the northeast or north. 11 

There can be no doubt that these 1 rolls 1 are similar in origin and structure 
t o the slump-folds observed in many places in sandstone- shale sequences and 
mentioned earlier in this report. The apparent north to northeastward 
slumping is in accordance with field observations and indicates a north to 
northeastward tilted paleoslope. 

The petrography of the coal of the Wellington seam was studied 
in detail by Hacquebard et~· (1967) and the general characteristics observed 
were described as follows: "The Wellington seam ... . consists of a very 
finely striated humic coal that has a uniform semi-bright appearance. The 
coal may be classed as a dull clarain, which is practically devoid of associ
ated vitrain bands or stringers. Somewhat duller layers occur occasionally, 
but do not stand out as distinct durain bands. Small lenses of fusain can be 
detected upon close observation. Due to its uniformity the coal is fairly hard 
and strong. It breaks with a hackly fracture into large lumps. Where the 
seam is contorted in the 'swells' the coal looks uniform and is fairly dull in 
appearance~ except on slickensided faces which are brilliantly polished. 
Bedding cannot be detected in the disturbed coal. 11 

The beds between Wellington and Douglas seams are conglomer
ate, sandstone and coal. Clapp named the lower part w ith predominant con
glomerate, Extension, and t h e upper part with predominant shale, Cranberry. 
They form a belt several miles wide from Wellington south to Nanaimo River 
and there they are we ll exposed. They apparently thin out a short distance 
north and south of the Nanaimo area. 

The conglomerates have commonly subrounded pebbles, fairly 
well sorted, one to two inches in size, mainly of green, red, light grey and 
black cherty rocks. Grit and sandstone, forming the matrix and int erbeds of 
the conglomerate, have an average composition of 40 p er cent rock fragments, 
30 per cent quartz, 20 p er cent feldspar and 10 p er cent calcareous
argillaceous cement . Sandstones are massive to platy and commonly cross 
bedded. They are greenish grey to brown, fine to medium grained and con 
tain scattered pebbles. Coaly shale, coal and s ilt stone are minor compo
nents . The thickness of the interval between We llington and Douglas seams 
is about 650 feet at Departure Bay (boring W. F. C. 27) and about 1, 000 feet in 
the South Wellington district (boring P. C . C. M. l 7A). No drillhol e has inter
sected both the Douglas and Wellington seams. The inter-seam thickness 
apparently decreases again towards Ladysmith and the seams pinch out within 
a few miles. 

The Douglas seam was the first to be mined in 1852 in the down
town Nanaimo area and was worked by the lar gest and longest-operating 
Number One Mine (1 883 -1 938, 18, 000, 000 long tons). It has been mined in a 
nearly straight north-northwest trending b e lt, up to two mil es w ide, from 
Nanaimo River to Newcastle Island. Like the Comox area coal seams and the 
Wellington seam the coal is of high volatile A bituminous rank. Clapp states 



-21-

that the thickness is 5 feet in the South Wellington area but varies from vir
tually nothing to over 30 feet. The excessive thicknesses presumably occur 
in 'rolls' also described for this seam (Clapp, l 914a, p. 111) but h ere appar
ent ly mainly affecting the floor of the seam. The fact that the floor of the 
Douglas is shale rather than sandstone probably explains this different mode 
of intraformational slumping. 

The Newcastle seam occurs in the northern part of the Nanaimo 
Basin. According to Buckham (1947a and b) it is about 60 feet below the 
Douglas seam and averages b etween 3 and 4 feet in thickness. It was mined 
around 1850 beneath downtown Nanaimo and under Newcastle Island but later 
mining apparently occurred only in the latter place. 

The sequence overlying the Douglas seam was named Protection 
Formation by Clapp. It consists mainly of sandstone, shaly sandstone, and 
siltstone w ith minor carbonaceous shale, commonly thinly laminated and with 
fine crossbedding. The sandstones are a conspicuous ly light yellow and con
sist of medium, evenly grained quartz and feldspar w ith minor biotite, locally 
with carbonaceous material. In places they contain scattered pebbles; shaly 
sandstone and shale are the main lithology in the transition zone to the Cedar 
District Formation. 

Intraformational slumping is a common feature and on Newcastle 
Island it was found to be in a general northward direction. A north to north
eastward current direction is also indicated b y crossbedding. 

A thickness of 678 feet of Protection sandstone was measur ed 
by Clapp (1914a, p. 49) on Protection and Newcastle islands. The Reserve 
Mine shaft near the mouth of Nanaimo River reached the base of Cedar 
District shale at 122 feet and the Douglas seam at 1, 043 feet. Allowing for a 
r e port ed 22 degr ee dip of the seam and the overlying strata the thickness is 
850 feet. Thus, t h e maximum thickness of the Extension-Protection 
Formation in the coal-mining area is the aggregate thickness of the Wellington 
Member (50 feet),. the Extens ion and Cranberry members (maximum 1, 000 
feet), and the Protection Member (maximum 850 feet), or a total of l,900feet 
in the Nanaimo Coal Basin. 

Conglomerate and sandstone along the south border of Cowichan 
Valley, Mount Benson and north of Chemainus River, representing the 
Extension-Protection Formation, contains subrounded poorly sorted pebbles, 
in places to 6 inches in size, of quartz, argillite, chert and light coloured 
siliceous volcanic rocks, probably derived from the Sicker Group, set in a 
gritty matrix. It is commonly interb e dded with pebbly, coarse-grained sand
stone of the same composition. Conglomerate repr esenting the formation is 
also well-exposed on the southwest shores of North and South Pender Islands, 
and on the south shore of Saturna Island. There it exhibits a much more div
e rse assemblage of well-rounded to subrounded pebbles and cobbles of gneissic 
and granitic rocks (mainly hornblende granodiorit e), together w ith quartzite, 
chert, and Sicker-type volcanic rocks. An abundance of jasperoid chert gives 
a distinctly reddish colour to many outcrops and adjacent shingle beaches. 

In the Comox Basin inferred representatives of the formation are 
lenticular bodies of conglomerate and sand stone, over 1, 000 feet thick in a 
few places (boring T. R. 40 near Langley Lake) but pinching out within a few 
miles. On Bloedel Creek the conglomerate can be seen to be in vertical strati
graphic contact, striking N 115° E, w ith flat-lying Comox sandstone. The 
contact is in part washed out by the creek and is apparently not a fault. The 
conglomerate is obviously a channel-fill and exhibits we ll-rounded boulders, 
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up to 6 inches in size, of chert, quartzite, hornfels and granitic rock, but 
also much larger angular blocks , up to two feet in size, of Comox-type sand
stone as well as shale and calcareous conc r e tions that could have been 
derived only from the underlying Haslam Formation. The large angular shale 
and sandstone blocks show that t h e Comox and Haslam were we ll-indurated 
when the conglomerate w as formed, indicating a considerable time -int e rval 
between deposition of the formations. The conglomerate is e xposed for some 
distance upstream and in one plac e a channel w as found containing a ca rbon
ized log; both ~;hannel and log strike about N 100° E and dip eas t, suggesting 
eastward flow of the ancient stream. 

The conglomerate apparently pinches out toward Trent R iver . 
There a four-inch band of clay, in places with woody material, is expos ed 
near w h ere a small st r eam enters from the north, upst r eam from the power
line crossing. It could be traced for a distance of 1 SO feet and i s believed to 
represent the Extension-Protection or the eros ional gap between Haslam and 
Cedar Distric t formations. 

In Alberni Valley and on Thunder Mountain the beds are similar 
to those of t h e Comox area. The conglomerate on Thunder Mountain contains 
poorly sorted cobbles, up to 12 inches in diameter, mainly of black argillit e 
and chert, and minor g ranitic rocks. It also contains large fragments of 
shale , concretions, and sandstone fragments, as much as 18 inches in size, 
apparently derived from older Nanaimo beds. 

On Texada Island the formation occurs on Cook Creek as very 
poorly sorted c onglomerate with subangular boulders to one foot in size and 
pebbly greywacke contain ing a layer of coquina comprising the fauna of the 
Schmidti zone. · 

The age of the Extension-Protection Formation is determined on 
the one hand b y that of its oldest member, the Wellington , which contains the 
Schmidti fauna of early Campanian age (Fi g . 1). On t he other hand the next
younger Vancouverense zone fauna, of younger Campanian age, is found in 
the succeeding Cedar District Formation. Thus the age of t h e Extension
Protection is well d e fined as lower Campanian. Bell (1 95 7) described the 
available plant collections of t h e Extension, Newcastle and Protection mem
bers. He arrived at a l ess specific but compatible conclusion that the 
Nanaimo Group as a whole is Campanian to Maestrichtian in age. Crickmay 
and Pocock (1963), reporting on the microflora, did not clearly define the 
appar ent age of the coal-bearing b e ds , but concluded that the Comox is older 
than the Protection. 

Cedar District Formation 

Name and distribution 

The name Cedar District Formation w as chosen by Clapp and 
Cooke (1917, p. 63) for the marine shales over lying the Nanaimo Basin coal 
measures. The formation is exposed along the coast south of Dodds Na-rr0ws, 
where a section of 1, 010 feet measured by the writer's party may be consid
ered as a type section. In the Nanaimo Basin it is also exposed on the lower 
part of Nanaimo River, on Chemainus River and along the coast ofSaltspring, 
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Pender, Mayne and Saturna islands. In Comox Basin the beds on lower Trent 
River and on the west side of Denman Island and those on the west side of 
Texada Island are included. 

Lithology 

The lithology of the Cedar District in the section on Dodds 
Narrows (Fig. 5) shows little variation ove r the full thickness of 1, 000 feet. 
It consists of sli ghtly silty dark grey shale, in places massive and poorly 
bedded, but commonly separated at intervals of a few inches to several feet 
by laminated siltstone and sandstone bands up to one inch thick. Concretion
ary layers and flat lenses of micritic limestone, up to 3 inches thick and 5 
feet w ide, are common near the top of the s e ction and in the lowest part. 
Many exposures along the coastlines of Saltspring, Pender and Mayne islands 
exhibit graded bedded turbidite sequences w ith conspicuously ribbed layers 
1 inch to 6 in ches in thickness. On Saturna Island the measured section 
(Fi g. 5) cons ist s for its lower 440 feet of silty shale, interbedded with a few 
fine-grained sand stone units, 10 to 30 feet thick and a few layers with chert, 
quartz and argillite pebbles. This part also yielded several fossil collections. 
These beds are overlain by 210 feet of fine- to medium-grained sandstone 
with mainly subangular quartz and contain some shale-interbeds. Intra
formational slumps indicate an eastward dipping paleoslope. The sandstone 
is in turn succeeded by an estimated 400 feet of alternatin g shale, silty shale 
and sandstone beds, forming the transition to the massive De Courcy sand
stone. A sequence similar to that of Saturna Island w a s described by 
McLellan (1927, p. 121) on Sucia Island, 5 miles east of Saturna, in the San 
Juan I s l ands in the State of Washington. The underlying conglomerate is 
described as containing mainly Leech River Schist (presumably similar to 
Sicker Group rocks) and quartz in both boulders and matrix. The preserva
tion and angular ity of these rocks indicates a nearby source . The conglomer
ate is estimated to be more than 100 feet thick and is overlain by 700 feet of 
fossil i ferous sandy shale (called Haslam by McLellan). Usher (1952) obtained 
most of his Cedar District fossils from Sucia Island exposur e s. The shale i s 
overlain by 655 feet of coarse- to medium-graine d sandstone and a concealed 
interval of 290 feet, probably shale. These ar e probably equivalent to the 
higher part of the measured section on Saturna Island. 

In Comox Basin the beds are exposed in the lower part of Trent 
River (Figs. 2 and 5), probably on Puntledge Rive r below Browns River, on 
Ship Point , and on the west side of Denman Island. The general lithology is 
similar to that described above: a rather uniform sequence of shale with 
varying amounts of interbedded silt stone and sandston e. 

Basal contact 

The contact with unde rlyin g Ext ension-Prote ction Formation is 
well defined in the recorded section of the Reserve Mine shaft near the 
Nanaimo River mouth, where 90 feet of shale overlies sandstone with minor 
shale bands. In the measured section on the south coast of Saturna Island the 
contact of the two formations is also distinct. The re the lower part of the 
Cedar District is in transitional near- shore sandy facies. As m e ntioned 
earlier the section exposed on. Trent River is inferred to represent Cedar 
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District shales and Haslam shales in direct superposition, separated only by 
a thin clay layer representing the Extension-Protection. 

The ammonite fauna of the Cedar District has been collected 
from few localities, mainly Sucia Island in the State of Washington and North 
Pender Island (see Usher, 1952). Jeletzky (~section on biochronology) 
groups them in the Vancouverense (D) zone of middle Campanian age. 
Inoceramus is far more common than ammonites and l· vancouverense and 
l· subundatus in large quantity are typical of the zone in the sandy nearshore 
facies. The straight ammonite Baculites chicoensis appears to be the more 
common fossil in the offshor e siltstone- shale facies. 

The paleontological arguments for correlating the beds exposed 
in the Comox Basin on the lower part of Trent River and on the west side of 
Denman Island with the Cedar District of the Nanaimo Basin are discuss e d by 
J eletzky in the follow ing chapter. That corr e lation w as previously adopted 
by Ushe r (1952) for somew hat diffe r e nt r e asons. The correlation of the 
shales of T e xada Island w ith Cedar District, preferred by this writer , is not 
firmly established but strongly suggested by the pre sence of Inoceramus 
schmidti of the Schmidti zone in the basal conglomerate and abundant 
l· vancouverense in the shale. Howe v e r, the presence of Baculites cf. 
occidentalis Meek is according to J e letzky rather indicative of the Suciensis 
(E and F) zone and would place the beds alt e rnatively in the N orthumberland 
J:.'ormation. 

De Courcy Formation 

Name 

Sandstone and conglomerate of the De Courcy Formation are the 
basal continental to littoral elastic deposits of the third cycle of deposition of 
the Nanaimo Group. 

The name De Courcy was introduced by Clapp (l 912a) after the 
De Courcy Islands that are underlain by this resistant sandstone formation. 
The name 'Denman Formation' was substituted by Williams (1924) for the 
'Lower Conglomerate' of Richardson (1873) in the Comox Basin. As the 
Denman is equivalent to De Courcy it is proposed to drop the name in favour 
of the latter. 

Distribution and thickness 

In Nanaimo Basin De Courcy sandstone forms much of the shore
line of Vancouver Island from Harmac to Yellow Point, underlies De Courcy 
and Secretary Island groups, and forms many prominent cuestas and ridges 
on Saltspring, Prevost, Mayne, North and South Pender, and Saturna islands. 
The thickness is about 450 feet at Dock Point on Saltspring Island and 1, 400 
feet on the point south of Village Bay on Mayne Island. A maximum thickness 
of 1, 400 feet was calculated by C lapp (1 914, p, 64) for Wood l ey Range east of 
Ladysmith Harbour. 
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In the Comox Basin the 'Denman' forms the backbone of Denman 
Island in a broad central zone flanked to the west by a narrow strip of under
lying Cedar District and to the east by a yet smaller strip of overlying Lower 
Northumberland. It occurs again at Norman Point on the south tip of Hornby 
Island and on Norris rocks southeast of that point. Here the formation is 900 
to 1, 000 feet thick, as estimated by previous writers. 

Lithology (see Fig. 6) 

No continuou-s section of De Courcy beds has been studied at any 
one point. In Nanaimo Basin the formation consists mainly of sandstone and 
pebbly sandstone, grading upward into the shaly beds of the Northumberland. 
In Comox Basin the 'Denman' is accordin g to Usher (1952, p. 25) characte r
ized by sandstone and shale in the lower half and sandstone and conglomerate 
in the upper half. 

De Courcy is typically a brown grey massive sandstone, in beds 
two to 10 feet thick, separated by shaly layers. It consists of subroundedfine
to medium-grained quartz sand with minor feldspar, mica and rock frag
ments and in places carbonaceous material. Small, well-worn quart z and 
chert pebbles occur throughout in more or less well-defined bands. Finer 
grit, disseminated throughout, is commonly noted by the rough texture of the 
weathered surface, similar to very coarse sandpaper. 

On the seashore, where most exposures occur, concretions, up 
to several feet across, are commonly more resistant to erosion than the 
otherwise identical surrounding rock by virtue of carbonate content. Honey
combed weathering surfaces are also due to carbonate-filled networks of 
cracks weathe ring out in relief. 'Galleries' formed by undercutting of sand
stone at the high-tide mark, though most typical in Gabriola sandstone, also 
occur in De Courcy. Convolute bedding and intraformational slumping already 
noted in older formations is a general feature of De Courcy, especially in 
interfingering transition zones with Northumberland shales. Sandstone beds 
have moved along shaly partings as much as ten feet and have been contorted 
and overturned without any effects on overlying and underlying strata. Care
ful examination of these miniature overthrusts reveals their entirely sedi
mentary, nontectonic nature. The direction of slumping generally indicates 
a northeast to northwest dipping paleoslope. 

Basal contact 

The base of the De Courcy Formation is generally a massive 
sandstone, commonly gritty or pebbly, that overlies Cedar District shales. 
In the Vancouver Island coastal section (Fig. 6, sec. 64-4) the Cedar District 
consists entirely of shale and the contact is sharp. Sandstone and conglom
erate also overlie Cedar District shales with sharp contact on Pender and 
Mayne islands, but in several instances the shales are recessed in bays and 
not exposed at the contact. On Saltspring Island the upper part of the Cedar 
District contains beds up to one foot thick of fine-grained marine sandstone. 
Basal De Courcy is a different, massive, medium-grained locally gritty, 
light-coloured sandstone and the contact, although still sharp, could be 
inferred to be gradational. Large slump-folds and 'overthrusts' are common 
near the contact in the Cedar District sandstone interbeds and are we ll 
exposed at Vesuvius Bay near the ferry dock. 
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No fossils are known from De Courcy beds. The formation, 
bracketed by the Cedar District with Vancouverense (D), fauna a n d 
Northumberland w ith cf. Pacificum fauna is con side r ed ·to b e in the 
Vancouverense zone, of middle Campanian age . 

Northumb e rland Formation 

Name 

The Northumberland Formation is the shaly upper part of the 
third depositional cycle , starting with the De Courcy sandstone. Clapp 
(1912a, p. 100) introduced Northumb er land for t h e shale formation overlying 
De Courcy and exposed northeast of Northumberland Channel on the south 
coast of Gabriola Island. He also m ent ions (1914a , p. 6 7) that the 'lower 
shales' of the Northumberland, about 500 feet thick, ar e 'r e place d ' by sand
stone and coarse conglomerate, about 400 feet thick on Gabriola but up to 
nearly 1, 000 feet thick on Galiano Island . Usher (1952, p. 19) similarly 
treats the conglomerate and sandstone as a middle member of the 
Northumberland. The writ er considers this member to reflect an uplift of at 
least equal significance to that of the preceding De Courcy. It marks the 
base of another cycle of deposition and should be treated as a separate f,brma
tional unit. It is therefore proposed to restrict the Northumbe rland to the 
shales below the conglomerat e . 

The apparent equivalent of the Northumberland in the Comox 
Basin is the 'Lambert' , expos ed on the east shore of Denman Island and near 
the south end of Hornby Island at Ford Cove, betwee n und e rlying De Courcy 
(-"Denman") sandstone and overlying Geoffrey conglomerate. It is propos e d 
here to abandon the name Lambert in favour of Northumb e rland. 

Distribution and thickness 

Thus defined the Northumberland occurs in narrow belts on all 
of the Gulf Islands. Tracing the Northumberland is in many places difficult 
as a result of scarcity of fossils and the similarity in lithology of Cedar 
District and Spray formations. In the Nanaimo Basin the thickness at False 
Narrows betw een Mudge and Gabriola islands , is e stimated at 1, 000 feet, at 
Village Bay on Mayne Island about 6 00 feet, and at Horton Bay on the east 
side of that island as more than 500 feet . In Comox Basin the format ion out
crops on the northeast coast of Denman and the southwest coast of Hornby 
Island. Contrary to the interpretation of Richardson (187 3, map) followed by 
all other workers, the wr iter prefers to consider the shale of Ford Cove not 
to be continuous with that of the west coast of Hornby Island, from Shingle 
Spit to Collishaw Point. The latter, we ll known for the rich ammonite fauna 
it has yielded in the past, is now included in the Spray Formation, which is 
younger rather than older than the Geoffrey. The Geoffrey and Spray are 
inferred to be in fault contact along the we st-facing scarp of Mount Geoffrey. 
Thus less than 300 feet of Northumberland Formation <is exposed on Denman 
Island and less than 200 feet on H0rnby Island. The total thickness probably 
does not exceed 500 feet. 
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Lithology (see Fig. 6) 

The lithology of Northumberland shale is similar to and indis
tinguishable from that of Cedar District and Spray formations. Again the 
basal part consists of a transitional sequence of interfingering sandstone and 
shale beds, and the higher beds are graded sandstone- siltstone-shale units, 
ranging in thickness from less than one inch to about six inches. Differential 
erosion gives these beds a strongly 'ribbed' appearance on beach exposures. 
Reddish weathering calcareous ironstone concretions are fairly common. 
The beds are apparently suitable for the production of lightweight aggregate 
by heat expansion. A quarry with adjacent oil-fired rotary kiln of British 
Columbia Lightweights Aggregates Ltd. is located on Lyall Harbour, Saturna 
Island, and another similar quarry was formerly operated at Wellbury Bay, 
Salt spring Island. 

Fossils are scarce in the Northumberland and the writer's party 
found few diagnostic specimens to add to those collected by Usher {1952). 
J eletzky places them in the Suciensis {E and F) zone of upper Campanian age. 
In some instances the dating may be narrowed down to the cf. Pacificum (E) 
subzone. The only Northumberland {"lower Lambert Formation") localities 
investigated by McGugan (1962), on the west side of Denman Island contained 
only agglutinated forms of microforaminifera, which he did not consider suit
able for biochronological zonation. 

Geoffrey Formation 

Name 

It has already been mentioned in the foregoing section that a 
middle sandstone-conglomerate member of the Northumberland, in the unre
stricted definition of Clapp (1914a) and Usher {1952), marks renewed uplift 
and the beginning of a new cycle of deposition. It therefore deserves forma
tion status like the sandstone-conglomerate sequences of preceding cycles. 
The conglomerate i s considered to be coeval to the Geoffrey Formation of 
Hornby ~sland and that formational name is therefore now extended to include 
these beds in the Nanaimo Basin. 

Distribution and thickness 

The greatest thickness, about 1, 500 feet, is present on Mount 
Galiano and Sutil Mountain on Galiano Island and conglomerate occurs in a 
half-circle south of these points on Saltspring, Prevost, North Pender and 
Mayne islands. The thickness on the west side of Mayne Island at Helen Point 
is 750 feet and eastward on Mayne Island the conglomerate grades into 400 
feet of sandstone, exposed at the south end of Bennett Bay. In the Comox 
Basin, in the revised interpretation of Hornby Island geology mentioned in the 
foregoing section, the Northumberland {as redefined) is overlain by the 
Geoffrey. The thickness of this formation, roughly estimated from outcrop 
area and general d ip {Usher, 1952, p. 2>2), varies between 700and1, 300 feet. 
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Lithology 

The Geoffrey is mainly composed of coarse conglomerate w ith 
minor sandstone, but changes along strike southeastward on Mayne and north
westward on Saltspring Island into sandstone. The conglomerates contain 
typically two diverse types of clasts. The major part is composed of well
worn, subrounded pebbles and cobbles, in well- sorted layers but varying in 
size from 1/8 inch to one foot. They are mainly white quartz, black chert 
and argillite with minor dark, fine-grained volcanic rocks and in places gran
itic rocks. Between these one finds occasional blocks, commonly of green
schist derived from the Sicker Group, that stand out clearly by their much 
larger size and angularity. One such block is visible on the Mayne Island 
coast one half mile east of Helen Point towards Village Bay. The largest vis
ible dimension is 6 feet, but it is indented to a depth of 2 feet along a softer 
layer that was later filled w ith fine conglomerate. Presumably such blocks 
were moved by torrential streams entering the delta. The indented block was 
apparently gouged by running water between the time of emplacement on the 
flood plain and burial by succeeding floods. Thus the conglomerate is com
posed of well - worn grave l of more distant source, mixed with large blocks 
from nearby- exposed Sicker Group rocks. The sandstones of the formation 
are light brownish grey, and are mainly developed in 3- to 10-foot beds and 
more rarely in thin platy to laminated units. The components are mainly 
quartz and minor chert; gr it-siz e rock fragments, and small chert pebbles 
are commonly scattered through the beds. The Geoffrey Formation of Hornby 
Island was not examined in detail by the writer's party but Usher's descrip
tion (1952, p. 28) tallies closely with that of the Galiano and Mayne Island 
conglomerate. It occurs in massive beds up to 300 feet thick, separated by 
beds and lenses of sandstone. It is unsorted and consists of boulders of 
quartz, schist, granitic and volcanic rocks together with clasts of sandstone, 
argillite and calcareous concretions presumably derived from olderNanaimo 
b eds. The sandstones ar.e rich in quartz and contain minor feldspar, mica 
and rock fragments. The Geoffrey sediments also exhibit crossbedding, shale 
brecc ias and slump structures and have cavernous to honeycomb weather in g 
textures along the seashore. 

Base and top 

The basal contact is commonly sharp, but contains in several 
places slump folds to 10 feet in size with steep to overturned beds within gen
erally undisturbed only slightly inclined beds. The contact with over lying 
shales is transitional from conglomerate through sandstone to shale. In 
places this change occurs within a thickness of 50 feet. The sharply limited 
areal extent of the conglom erate is indicative of local deltas in the Hornby 
and south Galiano Island areas. 

Rare fossils found by Usher (1952, p. 28) in Geoffrey conglom
erate were obviously derived from older formations. The age is considered 
to be roughly equal to that of the overlying lower part of the Spray Formation 
(Upper Campanian). 
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Spray Formation 

Name and definition 

The Spray Formation overlies the Geoffrey and forms the mar
ine shaly upper part of the fourth depositional cycle. Usher (1952) applied 
the name to shales partly outcropping on and underlying Tribune Bay, south
east Hornby Island. The name is derived from Spray Point, a resistant sand
stone ledge projecting into the middle of the bay1 . 

Distribution and thickness 

The section at Tribune Bay, measured by the w riter's party, 
is 950 feet thick, including 400 feet of covered interval in the upper part of 
the section. In the revised interpretation of the geology of Hornby Island the 
Spray also outcrops north of Shingle Spit on the we st coast of that island. 
There the thickness of the incomplete section, without base or top, is 650 
feet (Fig . 6). These beds were included in the Lambert Formation by Usher 
(1952). In the Nanaimo Basin the formation is exposed in Bennett and Miners 
bays on Mayne Island, in the former with 1, 770 feet measured thickness 
(Fig. 6) and at Montague Bay on Galiano Island, and Degnen and Leboeuf 
bays on Gabriola Island, where the thickness is only a few hundred feet. 

Lithology 

The lithology of the lower part of the Spray Formation, as 
exposed on Mayne and Hornby islands, is similar to that of Northumberland 
a nd Cedar District formations. U consists mainlyoi siltstone-.shale sequences 
with graded beds, one inch to six inches thick, and with a few ironstone and 
mar ca site concretions. In the upper part shale is more predominant and 
individual shale beds are several feet thick and separated by thin bottom lay
ers of siltstone. Outcrops of shale in unweathered condition are massive 
w ith smooth ve rtical joint faces and barely detectable silty laminae. Weath
ered outcrops exhibit the spheroidal structure described for the Haslam 
shale. The intermediate 60 feet of sandstone exposed at Manning Point (old 
ferry dock) (Fig. 6, sec. 64-6) is massive and contains mainly fine- to 
medium- grained subangular quartz, minor biotite, and calcareous cement. 
Towards the top interbedded shale becomes predominant and the overlying 
shale contains generally no more than 10 per cent siltstone, again as paper
thin bottom layers of shale beds up to about two feet thick. There are minor 
calcareous concretions and the shale weathers to rusty brown and yellowish 
colours. 

Age and subdivision 

The Spray Formation, as defined in this report is divided into 
lower and upper parts by the sandstone of Spray Point, Hornby Island. This 
sandstone is considered to be identical to the one outcropping on the west side 

The name does not appear on existing topographic maps but is mentioned in 
Usher's field notes. It was on the writers' suggestion adopted in 1968 by the 
Canadian Permanent Committee on Geographical Names. 
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of that island at Manning Point, between Phipps and Collishaw points, and 
may b e also roughly equal to the sandstone on the point between Bennett and 
Campbell Bay on Mayne Island (~ Fig. 6). As de scribed in the following 
chapter in more detail, the Manning Point sandstone marks a break in the 
microfauna studied by McGugan (1962) and also in the ammonite-fauna coll
ected by Usher (1952), allow ing subdivision of the Suciensis zon e into cf. 
Pacificum andHornbyense sub zones (E and F; ~ Figs . 1 and 6). The break 
is also considered to be the Campanian-Maestrichtian stage -boundary. The 
writers have made this interpr e tation mainly on the basis of the work of 
McGugan and Ushe r. If this view is confirmed by mor e detailed w ork i t may 
justify the separation of the lower a nd upper shales into two formations. In 
that event it is recommended that the existing name Lambert, not used in the 
here propos e d termil")ology, be r etained for the lowe r shale, exposed between 
Shingle and Manning points and the name Spray be applied to the upper shale 
betwe e n Manning and Collishaw points. In sum, the lower part of the Spray 
Formation is considered to be upper Campanian in age and the upper part, 
including only beds exposed northeast of Manning and Spray points, on Hornby 
Island and perhaps in Campbell Bay on Mayne Island, is held to be 
Mae strichtian. 

Gabriola Formation 

Name and definition 

The Gabriola is the highest formation of the Nanaimo Group, 
named by Clapp (1912a) after exposures on Gabriola Island. Unlike preceding 
de.positional cycle s it is not overlain.by a marine shaly sequence. Conglom
erate and sandstone, exposed at St. John Point, Hornby Island are correlated 
with the Gabriola. They we re called (see Table I) 'Upper Conglomerate' by 
Richardson (1873) , 'St. John' by Williams (1924) and were aga in renamed 
'Hornby' by Usher (1952) because 'St. John' was preoccupied. However, 
Williams had us ed 'Hornby' for Richardson's 'Middle Conglomerate' that 
was renamed 'Geoffrey' by Usher. Furthe rmore Crickmay and Pocock 
(1 963) appear to have used the name Hornby again for the ·'Middle 

Conglomerate~. In view of this ambiguity there is good reason to drop the 
name Hornby in favour of Gabriola, even though there is only indirect pale
ontological correlation. 

Distribution and thickness 

In Nanaimo Basin the formation is exposed in a southeastward
narrowing belt in the outer island group of Gabriola, Valdez, Galiano, Mayne 
Saturna and Tumbo islands. Usher (1952, p. 20) reports a thickness of 
1, 400 feet on Gabriola Island and 3, 000 feet on the south end of Galiano. For 
the beds of St. John Point, Hornby Island, he gave a thickness of 600 to 800 
feet. Beds exposed at the north end of Lasqueti Island are according to 
G. E. Rouse (pers. comm.) somewhat younger than the Gabriola and have 
provisionally been mapped as a separate unit. 
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Lithology 

The Gabriela is commonly a medium- to coarse-grained mass
ive sandstone w ith about 50 per cent quartz, 30 per cent feldspar and 20 per 
cent dark m in erals and rock fragments. Conglomeratic lens es and scattered 
pebbles occur in places in the sandstone but, as Usher observed, the lack of 
extens ive conglomerates is a distinctive feature of the Gabriela in the 
Nanaimo Basin. Shaly layers commonly show small-scale intraformational 
slumping and sandy beds crowded with angular shale fragments are not 
uncommon. Coal y lenses have been observed in many places and large cal
careous cone retion s we at h e ring out in large ellipsoids or more irregular 
shapes occur everywhere. The so- called 'galleries' of Gabriola Island ar e 
lar ge wave-cut benches with overhanging sandstone roof, cut into the friable 
Gabriola sandstone . The rapid progr e ss of the weathering is witnessed by 
names with dates painted on the sandstone and due to the protection of the 
paint standing out in bold 1/4 inch relief after 5 to 10 years. 

Crossbeddin g is not common but large-scal e crossbeds were 
seen on Turnbo Island. The foreset b ed s are as much as 5 feet thick, thinly 
laminat e d and cut off at 30 degrees by the topsets. The sandstone is coarse 
grained to g ritty with fragm e nts only a few millimetres in size of quartz, 
black chert, and jasper, Perhaps these beds are of eolian origin. 

The colours of the Gabriela b e ds, yellow-orange and pink, are 
generally brighter than thos e of older sandstones, w her e brown and grey pre
dominate. This indication of somewhat different climatic conditions and the 
lack of marin e shales are suggest iv e of terrigenous deposition of part of the 
Gabriola. 

The 'Hornby' conglomerat e of Comox Basin contains sandstone, 
p ebbly sandstone, and massive conglomerate. Most clasts are pebbles and 
cobbles of quartz, chert, volcanic and granitic rocks and sandston e , shale 
and conglomerate from older Nanaimo beds. Some large blocks, one of lime
stone with a diameter of 8 feet , have been observed . 

Base 

The basal contact of the Gabriola is generally distinctly uncon
formabl e wh e re observed on Hornby, Gabriela and Mayne islands. 

No pale ontological dating is available for the Gabriela. 
Richardson (1 873, p . 51 ) reported b e l e mnit e s from t h e 'Upper Conglomerate' 
of Hornby Island in a unit of sandstone , conglomerate and coal. Usher (1952, 
p. 30) did not find these specimens in the Geologica l Survey collections nor 
did h e find any additional b e l emnites in the field. H e t h erefore was forced to 
base the age on the stratigraphic position of t h e'Hornby' whi ch h e considered 
e quivalent to that of the Gabriola. Regard ing the latter he report e d poorly 
preserved, large amrnonit e s, probably Pachydiscus suciaensis found 
in Campb e ll Bay, Mayne Island. However, t his locality, included in the 
Gabriola by Usher, is in this report tentatively correlated with the upper part 
of the Spray Formation. T hus the age of the Gabr iol 1, plac e d at the top of 
the Nanaimo Group is only indir ectly known to be Maestrichtian or Tertiary. 
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The sandstones of Lasqu eti Island have yielded pollen that 
accord ing to G. E. Rous e (p e rs. comm.) ar e broadly similar to those found 
in the Chuckanut Formation o f northe rn W ashington. But apparently the age 
is younge r than that of the Gabriola. Provisionally these beds have been 
mapp e d as a s e parate unit but they may be the younger part of the Gabriola 
Formation . 

Northe rn Vancouve r Isla nd 

Introduction 

No mention has b e en made in the for e going discussion of the 
N anaimo Group d e posits of Suquash Basin and othe r relat e d occurrences in 
northe rn Vancouve r Island. The ar e a w as t h e s cene of the earliest coal min
ing activiti e s in about 1850 but was soon abandon e d for the much b e tt e r coal 
s e ams of N a n aimo. It w as firs t visit e d and des cr ibed by G. M . Daw son 
(1887). 

Work don e in the ar e a by the pr e s ent wr ite rs has as yet been of 
a cursory nat ur e . The lithos t ratigraphi c and pale ont ological data are a t this 
time int e rpr e t e d slightly diffe r e ntly in this section and in the r e lat e d section 
of the su cceedin g c hap te r. 

The prin c ipal ar e a of N anaimo b e ds is th e coast and adjacent 
lowlands b etwe e n B e ave r Harbour (o l d Fort Rup e rt) and Port McNeill. The 
Suquash c oal mine w as about halfw ay b e tw e e n the s e points, near the mouth of 
Suquash C r eek. Oth e r exposures of Nanaimo s e diments ar e we st of Hardy 
Bay on the e a st s id e of Hope Island, and north of Jeune Landing on the east 
sid e of Ne rout sos Inle t. 

So far as t his w rit e r c ould e stablish the Suquash s e quence is one 
d epositional cycle , similar in dev e lopme nt to the Comox-Haslam cycle. It 
contains a basal formation of gr eywa cke, sands t one and some lagoonal plant
and coal-b e arin g b e ds a nd also marin e sandston e . Thes e b e ds are overlain 
b y marin e shale . The thickn e ss o f the pr e sently unnamed sandston e seque nc e 
i s est i m a t e d at 400 feet , the o ve rly ing sha l e s e quenc e i s p e rhaps 250 feet. 

Gr ey:,v a c k e -sandston e s e qu e n ce, lithology 

T h e follow ing d e s c ription is bas e d on e xamination of partial 
s ect ions along t h e s h o r e for a bout 3 mile s southwe st o f Thomas Point and for 
2 mile s up Ke o gh R i ve r b y M u lle r in 1966 and in mor e d e tail b y J e l e t zky in 
1 968 . 

A basal g r eywa c k e and sand s ton e formation discordantly over
laps t h e v ol c ani c r o ck s o f K a rmuts e n Group ab out 3/5 mile southw es t of 
Thomas Point. It c onsists pr e dominantly of buff to rust colour e d, coars e 
to m e dium-gr a in e d, c ommonly gritty, inte nsivel y crossb e dd e d and locally 
calcar e ous g r eywa c k e w ith s ome l e n t i c ular inte rb e ds and l e ns e s of fine to 
coars e grit and fin e p ebbl e c onglome rat e . Some poorly e xpos e d i nt e rbeds of 
fri a bl e , fine·gra in e d, l ocall y c arbonace ous to c oa ly gr eywacke and sandy 
silts ton e occur in t hi s unit. 

In the upp e r part of th e formation, outcropping we st of the mouth 
of K e ogh Rive r, t h e gr eywa c k e is int e rb e dd e d with light- t o pinkish-greybuff 

to light gr e y we athe ring we ll sort e d and rounde d, fin e - to m e dium-grained 
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sandstone. The sandston e is crossbedded , ripp l e - marked , or thi nly l amin 
ated . Locally it is carbonaceous to coa ly and con ta ins a 2 - foot interbe d of 
shal e a nd coaly shale w i th some plant r e mains. T h e pr esent wr i ter b e li eves 
that these b eds are e quivale nt to those expos ed o n Keogh R i ver a nd al on g t h e 

shore n e ar Suqua sh Creek at the s i te of th e f orme r coal mine . Ther e two 
4 - inch coa l seams, separated by one foot of s hal e , are in ter b e dd e d in fe l d
spathi c fin e - grained sandstone w ith scattered coaly lamina e . Dawson (1 887 , 

pp. 66 B to 68B) quot es three anc i ent borings from t his l ocality, appar e ntly 
p enetrating a sequence of sandston e and shale , but no c oal was found b e l ow 
t h e outcropping s eam . It is probable t h at boring No . 2 e nd e d at 329- foot 
depth in Karmutsen volcanic rock. 

Greywacke - sandstone sequence : age and corre latio n 

The formation contains a Campani an to Maestrichtian flora and 
a Vancouverense zon e marine fauna (Fig . 1). As the over l y in g marine sha l e 
is probably Northumberland-equivalent th e sandstone formation is most like l y 
coeval w ith t h e D e Courcy that forms t h e basal part of t h e third depositiona l 
cycle of t h e Nanaimo - Comox region . 

Siltstone - shal e sequence : lithology 

The sandstone formation i s gradationally overlain by a thinly 
bedded to laminated fine sandstone, s ilt stone and shale sequence , es timated 
to be abou t 250 feet thick . It is expos ed on the coast east of the mouth of 
Keogh River and on that river, a bout 1 3/4 mil e above the mouth. I t is simi 
lar to the thinly bedd ed marine sequences of the Nana i mo region and contains 
also calcareous concretions t hat have yie lde d some fossils . 

Siltstone-shale se quence : age and correl at i on 

Metaplac entic e ras occidental e , found pr eviou s l y by Dawson ' s 
party on Keogh Riv e r, and recently aga in by J e l etzky in the coasta l o ut crops, 
plac es the s hal e in t h e cf. Pacificum faun al zon e . As the underlying sandston e 

is probably e quivalent to De Courcy th e s h a l e is apparently coeval to 
Northumber land b eds. 
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BIO CHRONOLOGY 

(J . A . J eletzky) 

Previous Work 

Previous work on various aspects of geol ogy of the Nanaimo 
Group was discussed by J . E. Muller in the preceding part of t hi s report. 
This section is, t h e r efore , restrict ed to comments on the earlier investiga
tions of the marine macroinvertebrate faunas and biochronol ogy of Nanai mo 
Group and some corre lative units of the North Pacific fauna l realm. 

The study of mar ine mac r oinvertebrate paleontology of the 
Nanaimo Group began w ith the desc ription of several molluscan fossils from 
its sections in Nanaimo area and on Sucia Island by F . B. Meek in 1857. 

In 1859 B . F . Shu mard describ ed three more invertebrates from 
Nanaimo R iver. T h is publication was soon followed by descr iption of addi 
tional foss il s from Nanaimo and Sucia Island areas by Meek (1861, 1864) and 
Gabb (1864). This ea rly work es tablished a Cretaceous age for the bulk of 
Nanaimo Group. 

J. F. Whiteaves (1879) made the next important contribution to 
the in vertebrate marine pal eontology of the Nanaimo Group . His publication, 
"Mesozoic Fossils, Part II", was the first comprehensive work on the sub
ject. Additional Upper Cretaceous fossils from Vancouver Island were des
cr ibed in several later publi cations of Whiteaves (1892, 1893, l 895a, l 895b, 
l 895c, 1901). His research of macroinvertebrate paleontology of the Nanaimo 
Group was concluded in a final report "Mesoz oic Fossils, Part V" (Whiteaves, 
1 903), which also contained a brief and generalized account of t h e corre lation 
of t h e group with t h e Upper Cretaceous rocks of California (Chico Group), the 
Senonian stage of Europe, and the Upper Chalk of England. It must be pointed 
out that no attempt at paleontological zoning of Nanaimo Group or its correl
ation w ith the more refined European Upper Cretaceous stages and zones was 
undertaken by Whiteaves (1879-1 903) and his predecessors. The subdivision 
of the group proceeded on a purely lithostratigraphical basis until publication 
of Usher's (1952) work . 

No publ ications dealing with the invertebrat e marine macro
faunas and biochronology of Nanaimo Group appeared between 1903 and 1952 
in Canada. However, McLe llan (1927) published an account of the strati
graphy of the Upper Cretaceous rocks of San Juan Islands of northwestern 
Washington, which he correlated w ith those of the Nanaimo Group of 
Vancouver Island and the Gulf Islands. McLe llan (1 927) also described three 
new species of pelecypods and gastropods from the richly fossiliferous sec
tion of the Nanaimo Group of southern Sucia Island and gave lists of fossils 
from this and other Upper Cretaceous sections of San Juan Islands. 

The publication of Usher's (1 952) detailed study of the " Ammonite 
Faunas of the Upper Cretaceous Rocks of Vancouver Island" was an important 
milestone in the research of paleontology and biochronology of Nanaimo 
Group. This work provided a thorough description and good photographs of 
all ammonite genera and species then known from the Nanaimo Group of the 
Nanaimo and Comox basins and brought up to date their nomenclature and 
taxonomy. Even more impo rtant i s th e fact that this work includ ed the first 
attempt to define the time ranges and age significance of all arnmonite species 
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studied within the succession of the Nanaimo Group and to subdivide the latter 
into ammonite faunizone s. Four ammonite faunizone s were recogni zed by 
Usher (1952) but only two of these were believed to be common to theNanaimo 
and Comox basins. As will be shown below, some of Usher's (1952) b io
chronological conclusions were in error and have been revised by the writer. 
However, this does not detract from the fundamental value of his pioneering 
studies in paleontological zoning of the Nanaimo Group and in correlation of 
the regional ammonite faunizone s w ith the international standard stages. 
Ushe r (195 2, pp. 35-37) apparently attempted to reconcile the faunal evidence 
with already existing ideas about the formational sequences of the Nanaimo 
Group in Nanaimo and Comox basins and their correlation, based on litho
stratigraphy. Usher (1952, pp. 37-39) was aware of the contradictions 
between biochronology and lithostratigraphy but elected (Usher, 1952, pp. 37-
39) to subordinate the biochronology to the lithostratigraphy where the two 
were in conflict. 

McGugan (1962, 1964) was the first to describe the foraminiferal 
faunas of all shale formations of Nanaimo and Comox basins and to attempt 
the time-correlation of sequences of the Nanaimo Group of these two basins 
using the standard foraminiferal zones of intercontinental value. This 
research has shown that some formational boundaries within the Nanaimo 
Group are diachronic and that the previous ideas about correlation of the shale 
and sandstone units in Nanaimo and Comox basins were partly in error. 

According to McGugan (1962, 1964), the Cedar District, upper 
'Trent River', all of Northumberland, all of the lower and the lower part of 
upper 'Lambert' Formation contains the upper Campanian Cibicides voltziana 
fauna and hence are correlative. Only the upper part of the upper 'Lambert' 
Formation and the Spray Formation of Comox basin were found to contain the 
early Maestrichtian Bolivina incrassata fauna. 

Lower Trent R iver, Haslam, and Qualicum formations were 
found to contain the Campanian and? Santoni an Rugoglobige rina fauna, which 
was interpreted as older than the Cibicides voltz iana fauna. Furthermore, 
their basal beds contain a peculiar, pas sibly still older Gaudr ina and 
Lenticulina fauna. Lower Trent River, Haslam, and Qualicum formations 
were accordingly treated as geol ogically contemporary rock units. 

As will be shown below, the above-mentioned conclus ion s of 
McGugan (1962, 1 964) are compatibl e with the biochronological results of the 
writer 's r esearch based on the study of ammonite and inocerami faunas of the 
same formations. 

The paper by Crickmay and Pocock (1963) large ly devoted to the 
allegedly Cretaceous nonmarine rocks of Vancouver area on the mainland of 
British Columbia, contains some interesting comments on stratigraphic suc
cession and time-correlat i on of various formations of Nanaimo Group. These 
workers list, furthermore, most important invertebrate and plant fossils 
from these formations. Usher ' s (1 952) correlations of the individual Nanaimo 
formations were question e d by Crickmay and Pocock (1963, pp. 1931-1932). 
They concluded in particular that the Cedar District Formation is younger 
than the Trent River Formation and that the latter is time equivalent of the 
Haslam Formation. They also found that the Cedar District Formation and 
the underlying coarse elastics of the Extension-Protection Formation are 
absent in the Comox Basin. Many of these conclusions have been confirmed 
in the present work. 
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The recent mapping of the Nanaimo Group by J.E. Muller began 
in 1963, and the study of various fossil collections from this group to aid this 
mapping project was started in 1965 by the write r. Some of the results of the 
author's and Muller's res earch have already been published in preliminary 
form (Jeletzky, 1967; Muller, 1966, 1967; Muller and Jeletzky, 1967). This 
report attempts to summarize the new information on the biochronology and 
paleontology that became available through office research and through the 
writer's own stratigraphic field work in the Nanaimo Group in 1966 and 1968. 
As already stressed in the introduction, this report is only a progress report. 
Some conclusions reached, although apparently reasonable in the light of the 
information avail able, may have to be revised later when the field w ork and 
office studies are completed. 

The scarcity of information about true time ranges of most of 
the important zonal macrofossils of the Nanaimo Group, which are restricted 
to ammonites and inocerami, has often forced the write r to rely heavily on 
the relevant data available in the foreign literature. This task was greatly 
fa cilitated by the circumstance that most of the ammonites and inocerami 
occurring in the Nanaimo Group are e ither conspecific with or closely allied 
to those occurring in the Upper Santonian and Campanian rocks of the Pacific 
Slope of the United States (including southern Alaska), Japan, Indian 
Peninsula, Soviet Far East, and Madagascar. Of the more recent foreign 
publications dealing with paleontology and biochronology of these faunas, those 
of Matsumoto (1959a, 195%, 1960), Nagao and Matsumoto (1939-1940), 
Popenoe et~. (1960), Jones (1963), Anderson (1958), Sokolov (1914), 
Collignon (1948, l 955a, l 955b, 1961), and Besarie and Collignon (1956) have 
been found to be particularly useful. The use of this valuable information 
considerably speeded up the writer's research. It enabled him to restrict 
own field work to an absolute minimum and to work out the tentative zonal 
scheme propos ed in this report largely using fossil collections made by 
Richardson, Usher, J . E. Muller and party, and various others in much 
shorter time than would have be e n possible otherwise. 

A number of ammonit e and inocerami species from the Nana imo 
Group have been discussed in the above-mentioned foreign publications. Some 
of them have b een renamed in wo rks of Matsumoto (1959a, l 959b, 1960) and 
Jones (1 9631. In the writer ' s opinion the validity of these nomenclatoria l 
ch anges is in several instances uncertain. Therefore, and because of the 
preliminary nature of this report intend ed principally for use of the Canadian 
mapping geologists and stratigraphers, they are omi tted for the time being. 
T h e famil iar specific ammonite names are used inste ad in the sense of 
Whiteaves ( 1 879 - 1903) and Usher (1952). The wr iter intends topublish apale 
ontological report bringing the nomenclature of the index foss i ls of Nanaimo 
Group up to date as soon as possible. 

Paleontological Zones 

Usher ' s (1 952, pp. 36-41) proposal to name paleontol ogical 
zones after geo l ogical formations in which they were found (or believed to be 
found) i s not fo llowed in this report for reasons a l ready indicated and dis 
cussed in t h e sect i on on previous work. Nor is the use of faun i zones favoured 
by t h e writer w h o prefers to use the b i ozones (= range zones) or partial zones 
(= teilzones ) based on known or inferred life spans of one or several 
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TABLE II AMMONITE AND INOCERAMUS FAUNAS OF NANAIMO GROUP 

INDEX SPECIES 
ZONES 

A B c D E F 

Didymoceras? cooperi Gabb - - - - x x 
Baculites chicoensis Trask sensu Usher x? x x x x -
Baculites occidentalis Meek sensu Usher - - - x? x x 
cf. Baculites aff. B. teres Forbes x x - - - ----
Bostrychoceras elongatum (Whiteaves) x x - - - -

Bostrychoceras sp. aff. B. otsukai (Yabe) x - - - - -

Damesites damesi var. intermedius Matsumoto x x x - - ----
Diplomoceras notabile Whiteaves - - - - x -
Diplomoceras? subcompressum (Forbes) x x - - - -
Diplomoceras? sp. - - - x - -

Epigoniceras epigonum (Kossmat) x x x x? - -

_Gaudryceras denmanense Whiteaves - x x x x -

Gaudryceras. sp. x - - - x -

Hauericeras gardeni (Baily) x x x - - -

Hoplitoplacenticeras cf. plasticum Paulke - - - x - -

Hoplitoplacenticeras vancouverense (Meek) - - - x - -
Metaplacenticeras cf. pacificum (Smith) - - - - x -

Metaplacenticeras occidentale (Whiteaves) - - - - x -

Neophylloceras ramosum (Meek) - - - - x x 
Neophylloceras sp. x x x x - -
Nostoceras hornbyense (Whiteaves) - - - - - x 

Pachydiscus binodatus (Whiteaves) x? - - - - -
Pachydiscus buckhami Usher x - - - - -

Pachydiscus elkhornensis Usher x x x? - - -

Pachydiscus (Anapachydiscus) aff. wittekindi (Schluter) - - - x - -

Pachydiscus (Eupachydiscus ?) haradai sensu Usher - x - - - -
Pachydiscus cf. jacquoti Seynes - - - x? - -

Pachydiscus (Canadoceras) multisulcatus (Whiteaves) - - x - - -

Pachydiscus neevesi (Whiteaves) - - - x - -

Pachydiscus (Canadoceras) newberryanus (Meek) - - x x - -

Pachydiscus ootacodensis (Stoliczka) sensu Usher - - - - x x 
Pachydiscus (Eupachydiscus) perplicatus (Whiteaves) x - - - - -

Pachydiscus suciaensis (Meek) - - - - x x 
Pachydiscus (Canadoceras) yokoyamai (Jimbo) - - x x? - -

Patagiosites aff. arbucklensis (Anderson) - - - x - -
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TABLE II (Continued) 

INDEX SPECIES 

Puzosia (Parapuzosia) sp. 

Phyllopachyceras forbesianum (d 'Orbigny) 

Pseudoxybeloceras cf. lineatum (Gabb) 

Pseudophyllites indra (Forbes) 

Pseudoschloenbachia brannani Usher ----
Pseudoschloenbachia cf. umbulazi Bayle 

Polyptychoceras vancouverense Whiteaves 

Ryugasella ryugasensis Wright and Matsumoto 

Schluteria selwyniana (Whiteaves) 

Inoceramus ex gr. chicoensis Anderson 

Inoceramus ex aff. cordiformis Sowerby 

Inoceramus elegans Sokolov 

Inoceramus ex aff. lobatus Goldfuss ---
Inoceramus naumanni Yokoyama 

Inoceramus orientalis Sokolov emend. Nagao and Matsumoto 

Inoceramus orientalis var. ambiguus Nagao and Matsumoto 

Inoceramus n. sp. aff. orientalis Sokolov 

Inoceramus sachalinensis Sokolov 

Inoceramus schmidti Michael s. str. 

Inoceramus ex gr. subundatus Meek 

Inoceramus ex gr. vancouverensis Shumard 

x 
x 
x? 

A 

B "" 
c 
D 
E 

F 

Absent 
Rare 

LEGEND 

Common to abundant 
Occurrence in this zone uncertain 

Naumanni Subzone 

Haradai Subzone 
Schmidti Zone 
Vancouverense Zone 
cf. Pacificum Subzone 

Hornbyense Subzone 

Elongatum Zone 

Suciensis Zone 

ZONES 

A B c D E F 

x - - - - -
- - - - - x 

x x x? x? - -

- - - - x x 
- x - - - -
- - - x? - -

x - - - - -

x x - x? - -
x x x x -

x x x x - -

x - - - - -
- - x - - -
x - - - - -

x x - - - -

x x x - - -
x x x - - -

x x - - - -

- - x - - -

- - x - - -

x? x x x x x? 

x? x x x x X? 
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essentially coeval ammonite and inocerami species, which have been found to 
have relatively short stratigraphic ranges and to be more or less facies 
breaking. As stressed elsewhere (Jeletzky, l 965a), every biochronologically 
used fossil must be evaluated individually as to the relative degree of its use
fulness. No reliance was necessarily placed on the number of fossil ammo
nite or inocerami species common to any of the formations of the Nanaimo 
Group when attempting to correlate them, unless these forms happened to be 
approximately equally valuable biochronologicall y. 

So far, only the majority of richly ornamented ammonites and 
some divergently ribbed inocerami of the Inoceramus naumanni-orientalis
schmidti species group were found to be useful for refined zoning of the 
Nanaimo Group. None of the other, in places much more numerous, mollus
can and other invertebrate species, seems to be useful in this respect. In 
the present state of our knowl edge at least all these marine macrofossils can 
only be used for the recognition of the Nanaimo Group as a whole. All ammo
nites and inocerami hitherto determined from the Nanaimo Group are listed 
in Tabl e II. This table also summarizes the data available about the time 
ranges of these species within the Nanaimo Group. 

A proposal was made recently by some British stratigraphers 
Dean, Donovan, and Howarth, 1961) to refer to the names of Mesozoic ammo
nite zones only by the trivial names of their index species once they have been 
introduced under their full names. This proposal is followed here for the 
ammonite and inocerami zones of the Nanaimo Group in view of the obvious 
advantages of convenience and economy of words offered by this style. For 
example, the name Bostrychoceras elongatum zoneAor fauna) is abbreviated to 
•Elongatum zone', and Inoceramus schmidti zone is shortened to 'Schmidti 
zone'. 

Bostrychoceras elongatum zone 

The oldest known marine macrofauna of the Nanaimo Group is 
characterized by the widespread and mostly common occurrence of two 
uncoiled ammonites Bostrychoceras elongatum(Whiteaves) and Diplomoceras? 
subcompressum (Forbes) the first of which is designated as the zonal index. 
So far as known, these two species range throughout the Elongatum zone, 
which comprises the upper marine beds of Comox (= Benson) Formation as 
well as the lower part of Haslam Formation (= 'Qualicum' and lower 'Trent 
River' formations) but are unknown in the overlying beds. 

Usher's (1952, p. 106) record of~. elongatum from the Cedar 
District (= upper 'Trent River' )Formation on the southwestern shore of 
Denman Island is discounted by the writer. The specimen concerned is 
believed to have been collected from the 6-inch to 3-foot-thick conglomerate 
layer which appears to be the only fossiliferous bed at Usher's locality 107 
where the specimen of B. elongatum was stated to have been collected. This 
pebble-conglon1erate is very rich in pebbles of limestone concretions litho
logically identical with those which abound in the Haslam (= lower 'Trent 
River' )Formation of Comox Basin and presumably derived therefrom. Some 
of these pebbles of concretions are fossiliferous. It is, therefore, most 
likely that the specimen of]?;. elongatum concerned was originally derived 
from the underlying Haslam Formation where it is known to occur. 
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The top of the time range of B. elongatum and D. ? 
subcompressum in the Nanaimo Group apparently corresponds to the time of 
their ext inction e lsewhere. The same is, however, not necessarily true of 
the base of their time range in the Comox Formation. The latter may be 
younger than the base of their zone elsewh ere and may merely reflect the 
moment of geological time w hen they were brought into the Nanaimo sea by 
its earliest known transgression. Both species could thus conce ivably range 
considerably lower in section in adjacent areas where the marine regime 
began earlier. 

A number of other species such as Inoceramus naumanni 
Yokoyama, emend. Nagao and Matsumoto, Inoceramus orientalis Sokolov 
emend. Nagao -and Matsumoto, cf. Baculites aff. teres Forbes (in Jones, 
1963), Pachydiscus (Eupachydiscus) perplicatus Whit eaves, .!:,. (~.?) haradai 
Jimbo sensu Ushe r, 1952, Polyptychoceras vancouverense Whiteaves, Puzosia 
(Parapuzosia) sp. indet. etc. are not known to range above the top of the 
Elongatum zone. However, unlike its zonal index, these species appear to 
be e ither largely or completely restricted to certain parts of the zone, or 
restricted to certain depositional basins or even individual sections of the 
Nanaimo Group. 

The Elongatum zone is, finally, characterized by an apparently 
complete absence of such index fossils of the overlying Schmidti zone as: 
!'..: (~) multisulcatus, Pachydiscus (Canadoceras) yokoyamai , P. (~) 
newberryanus, Pseudoschloenbachia brannani, Inoceramus schmidti Michael 
s. str., Inoceramus elegans Sokolov, and .I.. sachalinensis Sokolov, except 
in a relatively thin topmost part of the zone, here designated as the overlap 
beds. 

A number of other ammonites and inocerami occurring more or 
less commonly in the Elongatum Zone are known to range up into one or more 
of the younger paleontological zon es of the Nanaimo Group (Table II). Some 
of thes e fossils are mor e common in these younger beds than they are in the 
Elongatum zone (see below). They are accordingly either entirely nondiag
nostic of the latter zone or have but a limited biochronological value. These 
forms include: Hauericeras gardeni Baily, Ryugasella ryugasensis Wright 
and Matsumoto, Pseudoxybeloceras cf. lineatum (Gabb), Gaudriceras 
denmanense Whiteaves, Epigoniceras epigonum (Kossmat), Baculites 
chicoensis Trask sensu Usher 1952.., Neophylloceras sp. ihdet., 
Schlute ria selwyniana Whiteaves, Damesites damesi var. intermedius 
Matsumoto, Inoceramus ex gr. chicoensis Ander son, Inoceramus 
vancouverensis Shumard. 

Subzones 

The following common and widespread species appear to be use
ful for subdivision of the Elongatum zone into more refined biochronological 
units treated as subzones in this report: 

1. Inoceramus naumanni below; and 
2. Pachydiscus (Eupachydiscus?) haradai sensu Usher, 1 952, above. 

It was previously suggested (Jeletzky, 1967, p. 70, Table I) that 
beds characterized by Pachydiscus (Eupachydiscus) perplicatus Whiteaves, 
which occur between subzones 1 and 2, deserve to be recognized as a third 
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subzone, Thes e beds appear , however, to be largely r es trict e d to the Comox 
Basin and to b e but a faunal facies of the upper part of the Naumanni subzone. 
They a re, therefore, not us e d as a subzone in this r e port (Table III, Fig. 7). 

Inoceramus naumanh l. subzone 

The lower coal- and plant-bearing pa rt of Comox Formation did 
not y i eld any diagnostic marine fossi l s. Its upper part, large ly represented 
by fine- to medium- grained sandstone w ith some grit and fin e pebble con
glomerate is, however, largely or entirely marine in m ost section s of 
Nanaimo and Comox basins. These marine beds, which locally are over 150 
feet thick (Fig. 7), have y i elded a fairly rich and d i agnost i c invertebrate 
fauna belonging to Elongatum zone, The best fossil localit i es are: Haslam 
Creek canyon (Fig. 7, sec. 3) and Oyster River (GSC loc. 69454 and fossil 
collections pre served at Geology Department, University of British Columbia) . 

In addition to a great number of apparently long-ranging and facies
bound pelecypods, gastropods, scaphopods, crustaceans , etc, the fauna of 
the upper part of C.ornox Formation includes: Bostrychoceras elongatum 
(Whiteaves), Bostrychoceras sp. aff. B. otsukai (Yabe), Diplomoceras? 
subcompressum (Forbes), Puzosia (Parapuzosia) sp. indet., very common 
Inoceramus naumanni Yokoyama and less common radially and divergentl y 
ribbed Inoceramus superficially similar to l· japonicus Nagao and Matsumoto 
and previously designated as l· aff. japonicus (Jeletzky, 1967, p. 70, 
Table I). This form is, however, believed to be more closel y allied to l· 
orientalis Sokolov and shall be designated l· n. sp. aff . l· orientalis Sokolov 
in thi s report (Tables II-III , Fig. 7). Other relatively rare and insufficiently 
understood Inoceramus species of this fauna includeJ. ex aff. cordiformis 
Sowerby and l.: ex aff. lobatus Goldfus s. 

Except for extremely rare Bostrychoceras ;5P · aff. ~· ots ukai 
(Yab e), which was found once at the Oyster River locality of Comox Formation 
(University of British Columbia collections), and Puzosi a (Parapuzosia) sp. 
indet,, which was found once in Haslam Creek canyon (GSC loc, 77464), a ll 
above mentioned forms range up into the basal 70 to 130 feet of Haslam 
Formation (Fig. 7). The latter beds are, therefore , ass i gned to the same 
Naumanni subzone as t h e upper part of the Comox Formation (Table III). 

The name-fossil of the subzone - ]_. naumanni - is equally common 
in sandstone and shale facies throughout the studied sections of Comox and 
Nanaimo basins, It ranges up into the next younger Pachydiscus 
(Eupachydiscus?) haradai subzone in some sections. However, it is much 
less common in this subzone than in the underlying beds. This makes it the 
most valuable fossil available of the Naumanni subzone . The same appears 
to be true ofl_. n. sp. aff. orientalis, which becomes replaced by typica l l· 
orientalis Sokolov already in the basal part of the Haradai subzone (Table II). 
The last two Inoceramus species appear to be connected by numerous tran
sitions and beds containing both forms occur locally in the topmost beds of 
the Naumanni subzone. The earliest representatives ofJ.. orientalis £. typ. 
and its var. ambiguus Nagao and Matsumoto appear rarely in the interval 
from 50 to 70 feet above the base of the Haslam Formation (e.g. GSC l oc . 
60839) in Comox Basin and about 60 feet above the base in Nanaimo Basin 
(GSC lo c, 77385). Becau se of this intermingling of species, s i zable samples 
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of Inoceramus ex gr. naumanni-orientalis, including at least 5 to 6 reason
ably complete and well-preserved specimens, are neede d for definitive diff
erentiation of the Naumanni sub zone from the Haradai subzone. 

The data now available are insufficient to uphold the subdivision 
of the Naumanni subzone suggested recentlybyJeletzky(l967, p. 70,TableI). 
Pachydiscus (Eupachydiscus) perplicatus is common in the basal 120 to 130 
feet of the Haslam Formation in Comox Basin, but was not found in the over
lying Haradai subzone. It is associated throughout with the abundant and 
typical fauna of Inoceramus naumanni identical with that from the Comox 
Formation. £'. ~) perplicatus is, however, almost unknown outside the 
Comox Basin. It has been found but once in the Haslem Formation ofNanaimo 
Basin on Haslam Creek (GSC loc, 69482). A subzone based on this fossil 
would therefore be of restricted use only and beds containing it are better 
treated as a faunal facie s of the middle and upper parts of the Naumanni sub
zone (Table III, Fig. 7). Polyptychoceras vancouverense appears to be another 
common component of this biofacie s. This species is common to abundant in 
the interval between 55 and 100 feet above the base of the Haslam Formation 
on Trent River and apparently is restricted to the same interval in Brown's 
and Puntledge rivers sections. It is however unknown elsewhere in the 
Nanaimo Group. 

No biochronological significance can be ascribed to the apparent 
absence of Bostrychoceras sp. aff. :§._. otsukai (Yabe) and Puzosia 
(Parapuzosia) sp. indet. in the basal beds of Haslam (including lower Trent 
River) Formation representing the upper part of the Naumanni subzone 
because of extreme rarity of these index fossils. 

It seems likely that all other Pachydiscus species occurring in 
the basal beds of Haslam Formation representing the upper part of the 
Naumanni subzone, such as !'. buckhami, !'. elkhornensis and!'. binodatus, 
do not range e ithe r above or below these beds. In Comox Basin they are only 
found in Pachydiscus (Eupachydiscus) perplicatus beds, judging by their 
association with the latter species on Puntledge River (e.g. GSC loc. 508; 
Usher, 1952) and elsewhere. 

Of the long-ranging ammonite species, Epigoniceras epigonum, 
Ryugasella ed. ryugasensis, Schluteria selwyniana, Gaudryceras denmanense 
and Baculites chicoen1;is sensu Usher have not been found below the base of 
Haslam shales. The faunal differ ences between the upper and lower parts of 
the Naumanni subzone seem, however, to reflect facies changes rather than 
true biochronological differenc es . All these species are, indeed, unknown 
also in the upper part of the Comox Formation in Benson (= Brannan) Creek
Boomerang Lake area which is definitely contemporary with the basal part 
of Haslam shales (see below and Fig. 7). 

In Benson Creek-Boomerang Lake area situated northeast of 
Nanoose Ridge between Nanaimo and Comox depositional basins (Figs. 6, 7 
and McGugan, 1962, p. 586) all of the Naumanni subzone and the basal beds 
of Haradai aubzone occur within the abnormally thick succession of medium 
to coarse elastics of the Comox Formation. This is indicated by the occurr
ence of!'. ~·?) haradai and typical representatives of Inoceramus orientalis 
closely below the Comox-Haslam contact in the upper course of Benson Creek 
(~ Fig. 7). There seems to be little doubt that in these sections at least 
the topmost 200 feet or so of the Comox Formation are geologically contem
porary to at least 200 to 250 feet of the Haslam shales of other studied 
sections. 
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The presence of Puzosia (Parapuzosia) sp. indet. and 
Bostrychoceras sp. aff. ~· otsukai, as well as the strong predominance of 
Inoceramus naumanni over all other Inoceramus forms, strongly suggests the 
Santonian (probably upper Santonian only) age for most or all of the Naumanni 
subzone. This subzone is believed to be largely or completely equivalent to 
the Baculites capensis beds of California (Popenoe et~ .• 1960, p. 1513; 
Table III) .. The presence of Inoceramus ex aff. cordiformis and.!_. ex aff. 
log.fil£§_ supports this conclusion. 

The appearance of rare representatives of.!_. orientalis f. typ. 
and its var. ambiguus combined with the apparent absence of Puzosia 
(Parapuzosia) sp. ind.et and Bostrychoceras sp. aff. ~· otsukai in the upper 
part of the Naumanni subzone, opens the possibility of an earliest Campanian 
age of these beds (basal parts of Haslam and lower Trent River shales). 
However, for the time being all of the Naumanni subzone is referred tenta
tively to the Sant<!mian stage of the international standard (Tab l e III). 

Pachydiscus (Eupachydiscus?) haradai sub zone 

This subzone is characterized by rare to fairly common occurr
ence of Pachydiscus (Eupachydiscus?) haradai sensu Usher, 1952. According 
to Matsumoto (1959a, pp. 33-38) this form is only doubtfully distinct sub
specifically from the typical representatives of.!:· ~·) haradai Jimbo, whi ch 
are in turn identical with.!:· (K.) perplicatus Whiteaves. The wr iter was 
unable to form a definite opinion about the exact relationships of the Japanese 
and Canadian representatives of !"· ~·) haradai species group at this stage 
of his research. There seems to be little doubt, however, that!". (K.) 
perplicatus Whiteaves is clearly morphologically distinguishable from 
!"· ~·?) haradai sensu Usher, 1952 and that these two forms occur in beds 
of a different age in all sections studied. Their time relationships suggested 
by Matsumoto (l 959a, p. 38) were confirmed by the writer's research. These 
two forms are accordingly treated as specifically distinct in this report. It 
seems like ly that_!:. (:[., ?) haradai sensu Usher, 1952is an immediate descen
d ent of!". ~·) perplicatus Whiteaves and an immediate ancestor of!"· (g,.) 
yokoyamai Jimbo. 

!"· ~·?) haradai sensu Usher, 1952 is equally common in the 
higher beds of the Haslam Formation of Comox Basin and in the middle part 
of the Haslam Formation of Nanaimo Basin. Furthermore, it is known to 
occur in the Duncan area. This makes it an entirely appropriate subzonal 
fossil. The presence of!". ~· ? ) haradai in the geologi cally contemporary 
beds of the Comox Formation in Benson Creek-Boomerang Lake area (see 
pp. 45 and 47) indicates its considerable facies tolerance. --

Except for!"·~·?) haradai sensu Usher 1952, the writer does 
not know of any ammonite forms diagnostic of the Haradai sub zone. However, 
the strong predominance of Inoceramus orientalis f. typ. and its var. 
ambiguus Nagao and Matsumoto over all other inocerami of Inoceramus 
naumanni-schmidti-orientalis species group is rather diagnostic of this sub
zone. As noted, these inocerami occur sparsely in the upper part of the 
underlying Naumanni sub zone. This fact and the scattered occurrence of.!_. 
naumanni in the Haradai sub zone decreases somewhat the value of .. V orientalis 
et var. ambiguus as an index fossil of the· latter zone. As with.!_. naumanni 
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and l· n. sp. aff . l· (seep. 43), one has to have a representative sample of 
l · orientalis including five to six fairly complete and well-preserved speci
mens to definitively recognize the Haradai subzone on its inocerami fauna 
a l one. 

Inoceramus orientalis f. typ. and its var. ambiguus Nagao and 
Matsu moto were found to range up into the basal beds of the next younger 
S.chmidti zone (i . e. its Inoceramus elegans subzone). A mixed fauna of these 
two units including!.: schmidti s. s tr. and related forms in addit i on to both 
£'. (:§.?) haradai and_l. orientalis f. typ. was found to range through 20 to 30 
feet of beds at the zonal boundary on Benson (= Brannan) Creek. These 
'overlap beds' were arbitrarily assigned to the Schmidti zone. Similarly 
mixed faunas also seem to be pre sent at this boundary on Haslam Creek, on 
Chemainus River and elsewh ere in Nanaimo Basin. Unfortunately, none of 
these sections was studied in any detail. 

The Haradai subzone is in excess of ZOO feet thick in the Benson 
(= Brannan) Creek section. In Haslam Creek canyon it appears to be about 
180 feet thick with its top cut off by a major fault zone . Finally, some 120 
to 130 feet of the Haradai subzone are exposed on Trent River; there both its 
contacts are faulted out and the subzone is probably repeated several times 
by faulting and folding. The best partial section of the subzone in Trent 
River section is estimated to be about 120 feet thick (Fig . 7). 

The common presence of l· orientalis f. typ. and its var. 
ambiguus combined with the apparently complete absence of Inoceramus ex 
gr. schmidti- sachalinen sis- elegans indicates the early Lower Campanian age 
of the Haradai subzone. This subzone is directly and gradat ionally overlain 
by the Schmidti zone. The latter zone appears to cor re spend to the 
Patagiosites and Anapachydiscus zone of California (Popenoe et~·, 1960, 
pp. 1513-1514) as Inoceramus schmidti andl. sachalinensis are common in 
both zones and are unknown either above or below them in both regions. 
Haradai subzon e must, therefore, correspond to part or all ofSubmortoniceras 
chicoense zone of California in spite of an apparently compl ete absence of 
representatives of subgenus Canadoceras in the Canadian subzone. 

Unless the Naumanni subzone includes some earliest Campanian 
rocks in its upp er part (seep. 46), the lower part of the Haradai subzone 
coul d also include the e quival ents of the upper part of Member VI of the 
Redding area, in addition to those of Submortoniceras chicoense zone of 
California (Matsumoto, l 959a, l 959b, 1960; Popenoe ~ ~· , 1960 . p. 1513). 
Popenoe_ et~· (1960, p. 151 3) rightly point out the possibility of the earliest 
Campanian age for the upper part of Member V I and the recorded occurrence 
of l· orientalis var. ambiguus Nagao and Matsumoto agrees well with thi s 
suggestion. As already mentioned, however, the Santonian- Campanian 
boundary within the Nanaimo Group is placed tentatively at the base of the 
Haradai sub zone in this report (Table III). 

Thickness and facies of the Elongatum zone 

Th e intermittent outcrops and the commonly severe faulting make 
it difficult to estimate, l e t alone measure exactly, the thickness of the 
E l ongatum zone in any of the sections personally studied (Fig. 7). 

In the measured type section of Haslam Formation in Haslam 
Creek can yon (Fig. 7, sec. 3) Elongatum zone is about 401 feet thick w ith its 
top cut off by a major fault zone. This thickness is believed to be onl y 50 to 
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100 feet short of the complete thickness of the zone in this area as the early 
forms of Inoceramus schmidti Michaels. str., l· orientalis Sokolov f. typ. 
and Pachydiscus (Canadoceras) cf. yokoyamai Jimbo occur close by in the 
downfaulted block of Haslam Formation (e.g. GSC loc. 77405) . 

Scattered pebble-conglomerate and greywacke sand stones, locally 
containing l· naumanni outcrop on the northwest side of Benson Creek near 
the concealed contact with the Karmutsen Formation. These rocks are 
believed to represent the lower and middle parts of the Elongatum zone and 
to underlie more than 200 feet of unfossiliferous greywacke sandstone, out
cropping farther downstream in Benson Creek. These in turn underlie some 
80 to l 00 feet of the Haradai subzone, which form the basal part of a reduced 
Haslam Formation (Fig. 7, sec. 1). The entire Elongatum zone in Benson 
Creek may therefore be in the order of 400 feet thick, with its base 
concealed. 

In the section of the Haslam (= lower Trent River) Formation on 
Trent River (Fig. 7, sec. 4, 5) the Elongatum zone has a total exposed thick
ness in order of 250 feet. Unfortunately its top is cut off by a major fault 
and several other major faults cut through the upper part of the Naumanni 
sub zone. Still other faults cut through the lower and upper part of the 
Haradai sub zone . This makes the above estimate rather tentative. No diag
nostic fossils were found beneath the Haslam (= lower Trent River)-Comox 
contact in the Trent River section. It is, therefore, unknown what part of 
the Comox Formation of that section forms part of the Naumanni subzone. 

Inoceramus schmidti zone 

In the Nanaimo Basin, and apparently in the Cowichan area as 
well, the Elongatum zone is immediately followed by a 250- to 300-foot-thick 
succession of mostly sandy shale and siltstone or calcareous sandstone of the 
Haslam Formation with numerous nodules containing a variegated and rich 
invertebrate fauna. This fauna has several ammonite and Inoceramus spe
cies in common with those of the underlying Elongatum zone. However, it is 
sharply distinguished by the abundance of divergently ribbed inocerami of 
Inoceramus schmidti species group, includin g l· elegans Sokolov, Inoceramus 
schmidti s. str. and l· sachalinensis Sokolov. Inoceramus schmidti was 
selected as the index fossil of the zone. Among ammonites, Pachydiscus 
(Eupachydiscus) ex gr. perplicatus-haradai are apparently completely 
replaced by the probably desc e ndant Pachydiscus (Canadoceras) ex gr. 
multisulcatus-yokoyamai-newberryanus. Other rare but apparently diagnos
tic species of the zone is Pseudoschloenbachia brannani Usher. 

Among Canadoceras forms of the zone, .!_". (g.) newberryanus 
appears to be rare while.!_". (g.) yokoyamai and.!_". (g.) multisulcatus appear 
to predominate. At least some of the spec imens from the Schmidti" zone 
(i.e. from 'Qualicum' and upper Haslam Formations) identified as.!_". (g.) 
newberryanus by Usher (1952, p. 68) are referable to.!_". (g.) yokoyamai 
Jimbo in the writer's opinion . The latter species may itself be a senior 
synonym of.!_". (g.) multisulcatus according to Matsumoto (1959b, pp. 56-59). 

Neither Inoceramus ex gr. schmidti nor.!_". (g.) multisulcatus 
and.!_". (g.) yokoyamai are known to range into the overlying or underlying 
zones of the Nanaimo Group~ with the possible exception of the basal(?) part 



-49-

of the Vancouverense zone of southern Sucia Island and with the 20- to 30-
foot-thick overlap beds w ith the Elongatum zone on Benson (Brannan) Creek . 

The sandstone facies of the Schmidti zone in Northwest Bay area 
(Fi g. 7, sec. 7) was believed by Usher (1952, pp. 7, 22) to be older than the 
Bostrychoceras elongatum and Diplomoceras? s ubcompr essum carrying part 
of Trent River Formation and equivalent to the Newcastle Formation of 
Nanaimo area. There is little doubt, however, that these beds are younger 
than the lower and middle parts of the Haslam (= lower Trent River). 
Formation and equivalent to the sandy shales and siltstones of the upper part 
of Haslam Formation on Benson (= Brannan) Creek, on Nanaimo River and on 
Haslam Creek which carry Inoceramus schmidti s. str. fauna either with or 
without£'.(~.) yokoyamai and£'.(~.) multisulcatus (Fig. 7). TheQualicum 
Formation of Usher (1952, pp . 22-23) is obviously a misinterpreted north
westward extens ion of Haslam Formation, all the more so as the shales of 
its lower part exposed on Qualicum and Little Qualicum rivers contain the 
fauna of the Elongatum zone (GSC loc. 57584) apparently representing its 
Naumanni subzone. Rocks which appear to form the uppermost part of the 
Schmidti zone, are exposed at Blunden Point near Lantzville (Fig. 7, sec. 2). 
These predominantly arenaceous beds immediately underlie the Well ington 
coal seam; they were named East Wellington sandstone member by Clapp 
(1914a). 

On Nanaimo River (GSC loc. 69481) and on Haslam Creek (GSC 
loc. 77401, 77404, 77408) sandy silt stones of the upper part of Haslam 
Formation contain diagnostic fossils of the Schmidti zone . It is believed that 
in this area this zone is at least 250 to 300 feet thick and is largely repre
sented by sandy shale and siltstone. In the type section of the Haslam 
Formation in Haslam Cre-ek canyon (Fig. 7, sec. 3) beds which appear to 
represent the basal part of the Schmidti zone contain early forms of.!_. 
schmidti s. str. associated with.!_. ·orientalis var. The same mixed fauna 
was also found in the Cowichan area (GSC loc. 75451, etc.). Except for 
Haslam Creek canyon section, none of these sections was studied in any 
detail either by the writ er or by Muller. 

The Schmidti zone is typically developed in the Cowichan area, 
south of Chemainus River (GSC loc. 75509) and farther southwest near Skutz 
Falls on Cowichan R ive r (GSC loc. 75462). It is also present on Texada 
Island (GSC loc. 79760). Non e of these sections was studied in any detail 
either. Except for Texada I s l and, all occurrences of J_. schmidti f. typ. 
in these areas are in sandy shale or siltstone comparable to that of the upper 
Haslam Formation of the Haslam Creek-Nanaimo River area. 

So far there are no definite records of the Schmidti zone either 
from the Gulf Islands or from San Juan Islands in spit e of the fact that both 
the Elongatum zon e and the equivalents of the overlying Extension-Protect i on 
Formation are locally known there (e.g. on Saltspring Island and on Saturna 
Island) . The record of Inoceramus e l egans Sokolov and.!_. schmidti s . str. 
on southern Sucia Island could, however, possibly be not from the 
Vancouverense zon e of Cedar District Formation but from unrecognized 
equivalents of East Wellington sandstone member or from the sandy facies of 
the upper part of Haslam Formation. It shall be discuss ed in greater detail 
in connection with the Vancouverense zone (~ p.51). 

The Schmidti zone is unknown in the Comox Basin north of 
Arbutus Point. The writers (see Fig. 1) explain this abs enc e either by a 
widespread subsequent eros ion or by a nondeposition of this zone throughout 
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Comox Basin in conn ection with its regional uplift during the time of de p os i 
t i on of the Extension-Protection Formation (and upper Haslam?) farther 
southeast in Nanaimo-Northwest Bay area. It is also poss ib l e tha t the 
strongly faulted, almost unfossiliferous upper part of Trent River shale 
exposed in Trent River canyon between the point some 1, 600 feet above t h e 
mouth of Bloedell Creek and the power line crossing (Fig. 7, sec. 4, 5) is 
part l y or entirely equivalent to the Schmidti zone rather than to the 
Vancouverense zone with which it is tentatively correlated in this report. 
The occurrence of Pseudoschloenbachia cf. umbulazi Bayle near the top of 
this unit (GSC loc. 60845) is in particular suggestive of this as 
Pseudoschloenbachia is largely restricted to upper Santonian and Lowe r 
Cam panian beds and is known to occur in the Schmidt i zone on Benson (= 
Brannan) Creek (Usher, 1952, pp. 92-93, pl. XXIV, Figs. 3-4; pl. XXXI, 
Fig. 25). The complete absence of Inoceramus ex gr. naumanni-orientali s 
schmidti and the Vancouverense zone-like character of other forms of thi s 
fauna (~under the Vancouverense zone, p. 53) seem, however, to indicat e 
t h e younger age of these beds. 

The occu rrence of Inoceramus schmidti-like forms on Puntl e d ge 
R ive r j u st below the power house (GSC loc. 15580, 15581; Usher ' s l ocality 
120) does not seem to be indicative of the presence of any part of the.S chmidt i 
zon e in this section. These morphologically peculiar forms are bette r r e fer 
a bl e t o l· o rientalis Sokolov s. lato, all the more so as t h ey a r e as s ociate d 
w ith diagn ost ic ammonites of the Elongatum zone. 

Sub z ones 

Inoceramu s elegans subzone: The lower 200 to 250 fee t o f the 
S chmidt i zone on Benson(= Brannan) Creek (Fig. 7, sec. 1) are ch a ract e r
ized by the predominance of small- to medium- sized b ut r elati ve ly t h i ck a n d 
d ist inctly winged l· elegans Sokolov, apparently identical with the specimen 
from Sucia Island figured by Anderson (1958, pl. 22, Fig. 4) under the name 
l · u ndul atoplicatus, small representatives of l· schmidti Michael s. st r . a n d 
rare representatives of l· sachalinensis Sokolov. Large, flat represent 
atives of l· schmidti s. str. were not observed in these beds at all. 

Inoceramus schmidti s. str. subzone: The medium-s i zed to 
l a r ge, flat representatives of Inoceramus schmidti s. str. appea r to pred o
minate over all other forms of l· schmidti species group in the t opmo s t 70 -
8 0 feet of Benson (= Brann an) Creek section (Fig. 7, sec. 1) and in t h e pr e 
s umabl y somewhat younger beds of B lunden Point (East Well ington s a ndstone 
m e m ber; Fig. 7, sec. 2). T h ey we r e also found in t h e Extens i on Tunne l 
n ear E xt en s i on (GSC loc. 5832). 

On thi s ba si s Jelet zky (1 967, p. 7 0 , Table I) has tentative ly 
s eparate d the older 2 0 0 t o 2 50 fee t of Ben son (= Brannan) C r eek section as 
the Ele gan s subz on e. Its t opmost 70- 80 fe e t and the b eds of Blunden Point 
we r e t e ntatively de sign a t e d a s Schmidt i s. s t r . sub z one. Additional field 
work and b e d by b ed coll e ctin g i s n eed e d to c onfirm or reje c t the regional 
validity of the s e subzone s . 

The e arly form s o f Ino ce ramu s schmidti found in the faulted upper 
part of Haslam Formation in the Haslam Canyon section (Fig . 7, sec. 3) and 
e l sewhere, locally in association w ith Inoceramus or i entalis Sokolov var., 
seem to be morphologically distinguishable from thos e of the E l egans sub zon e . 
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as well as from those of the Schmidti s. str. subzone, Further study of these 
forms is needed to confirm this observation and to justify the regional vali
d ity of th-is third sub zone of the Schmidti zone. 

Age and C"orrelation of the Schmidti zone was already discussed 
in connection with that of the Haradai subzone (see p. 47). 

Hoplitoplacentice ras vancouverens e zone 

Until last year the index fossil of Hoplitoplacenticeras 
vancouverense zone was known from a single locality of the Cedar District 
Formation on southern part of Sucia Island (Usher, 1952, p. 16). All other 
distinctive ammonites of this zone (e.g. Patagiosites aff • .!::'· arbucklensis 
(Anderson), Pachydiscus cf. jacguoti Seynes, Pachydiscus (Anapachydiscus) 
aff. wittekindi (Schluter), Diplomoceras? sp. indet., and Pachydiscus 
neevesi (Whiteaves) are restricted to the same locality with exception of 
Pachydiscus neevesi, which was recorded also from James Island north of 
Victoria (Usher, 1952, p. 88). The recognition of the so-called Cedar 
District-Trent River Faunizone of Usher (1952, pp. 38-39) elsewhere in 
Nanaimo Basin had, therefore, to depend on the lateral tracing of the Cedar 
District shale unit and the immediately underlying (Extension-Protection 
Formation) and overlying (De Courcy Formation) sandstone-conglomerate 
units. The as.sumed presence of time equivalents of the Vancouverense zone 
in the Trent River Formation of Comox Basin was likewise based on litho
stratigraphy alone (Usher, 1952, pp. 35-36, 38-39) until the publication of 
results of foraminiferal studies of McGugan (1962, 1964). 

The recent find of Hoplitoplacenticeras cf. plasticum Paulke on 
the south shore of North Pender Island (GSC loc. 75515) near the base of the 
Cedar District Formation confirms the essential contemporaneity of the 
Canadian sections of this formation with its richly fossiliferous Sucia Island 
section. Another biochronologically useful criterion is provided by accum
ulation of small to large specimens of Baculites chicoensis Trask sensu 
Usher on the bedding planes of Cedar District Formation of the Gulf Islands. 
~· chicoensis sensu Usher appears to range down into the Schmid ti zone and 
even into the upper and middle parts of the Elongatum zone; however, it 
appears to be invariably rare there and is not known to form accumulations 
of specimens on the bedding planes such as are locally common in the Cedar 
Di strict Formation. 

Other, apparently biochronologically useful, paleontological dis
tinctions of the Vancouverense zone are: 

1. Prevalence of more or less typical forms of Pachydiscus 
(Canadoceras) newb e rryanus in the Cedar District Formation already noted 
by Usher (1952, p . 66 ) over.!::'. (~.) multisulcatus and E'· (~.) yokoyamai in 
contrast to the relationships observed in the upper part of Haslam Formation 
(i. e. in the Schmidti zone); 

2. An apparently complete absence of Inoceramus of l.: elegans 
s ch mid t i- sachalinensis species group in all Canadian sections of the Cedar 
District Formation. If the previously mentioned specimens of Inoceramus 
e l egans and l.: schmidti (pp. 49, 55) are indeed from the Vancouverense 
zone rather than from the und erlying equivalents of Extension-Protection 
Formation or upper part of the Haslam Formation, this would represent an 



-52-

upward extension of time-range of this species group apparently unique for 
the Pacific slope of North America, 

3. A mass occurrence of Inoceramus ex gr. vancouverensis 
Shumard and Inoceramus ex gr. subundatus Meek. Representatives of these 
two species groups appear to be present also in the underlying zones of 
Nanaimo Group, including upper and middle parts of the Elongatum zone. 
They are, much less common the re than the large, flattish and more or less 
regularly rounded Inoceramus ex gr. chicoensis Anderson(? =I. ezoensis 
Nagao and Matsumoto, 1940). The latter are, in turn, much less common 
(or absent) in the Vancouverens e zone than they are in the underlying pale
ontological zones of Nanaimo Group. A number of occurrences of Inoceramus 
ex gr. vancouverensis-subundatus ascribed to paleontological zones older 
than the Vancouverense zone may actually be the latter zone. The type local
ity of Inoceramus vancouverensis Shumand 2 1/4 miles up Nanaimo River, 
from which all specimens of the species figured by Whiteaves (1879, p. 170, 
pl. 20, Figs. 4, 4a, 4b) have been collected, is, for example, in the Cedar 
District Formation according to Muller. 

All above described elements of the Vancouverense fauna were 
only found in the Cedar District Formation. However, the Extension
Protection Formation is believed to be a largely nonmarine, coarse elastic 
facies of the basal part of Vancouverense zone. This conclusion agrees we ll 
with the eastward wedging out of this formation observed by Muller (see 
previous chapter of this report p. 19-21 and Fig. 1) and with the apparent 
absence of Inoceramus ex gr. schmidti-sachalinensis-elegans in the marine 
phase. of Protection Member in the Nanaimo area (Usher, 1952, pp. 14-15). 

The De Courcy Formation is also treated as part of the 
Vancouverense zone for the purpose of this report (Fig. 1). This suggestion 
is supported only by the complete absence of any faunal elements of 
Pachydiscus (Pachydiscus) suciaensis zone either in the uppermost Cedar 
District or in De Courcy formations. So far as known, these first appear in 
the overlying lower part of the Northumberland Formation. 

Vancouverense zone in Comox Basin 

The amalgamation of the fauna of the Cedar District and Trent 
River formations by Usher (1952, pp. 35-39), his time correlation of Cedar 
District Formation with the whole of Trent River Formation, and his conclu
sion that the entire Haslam Formation is older than any part of the Trent 
River Formation are believed by the writer to be erroneous. However, the 
correlation of the who l e of Haslam Formation with the whole of Trent River 
Formation proposed by Cr ickmay and Pocock (1963, p. 1931) is also in dis
agreement with the writer's conclusion. It was already demonstrated in the 
pr evious sections of this report (p. 40) that the lower part of the Trent River 
Formation is an approximate biochronological equivalent of the Elongatum 
zone of the Haslam Formation. Likewise the Comox Formation is an approx
imate biochronological equivalent of the Benson Formation, except for the 
already described, marked diachronism of the upper contacts of these two 
formations from one area to another (~ Figs. 1, 7). The lower Trent 
River and Benson formations are accordingly suppressed as superfluous by 
the writers (Table I). 
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As already mentioned, the upper part of the Haslam Formation, 
namely its Schmidti zon e, is unknown and presumed to be absent in the 
Comox Basin (Fig. 1). It may be locally represented in an unnamed con
glomeratic unit separating the lowe r part of the Trent River shale from the 
upper part of the Trent River shale and believed by Muller to be the equiva
lent of the Extension-Protection Formation of the Nanaimo Basin (~ previ
ous part of this report and Fig. 1). 

The possibility that the upper part of Trent River shale, as exposed 
on Trent River between a point about 1, 600 feet above the mouth of Bloedel 
Creek and the powerline crossing, is equivalent of the Schmidti zone of 
Nanaimo Basin has already been considered (seep. 50) . The following fea
tures of its fauna are, however, believed to outweigh the previously mentioned 
(p. 50) presence of Pseudoschloenbachia cf. umbulazi Baily in it: 

1. No diagnostic elements of the Schmidti zone were found in sev .. 
eral hundr ed feet of that section (Fig. 7, sec. 4-5). 

2. This, for the most part unfossiliferous, succession has yielded 
local accumulations of Inoceramus ex gr. vancouverensis- subundatus either 
in pods or in the bedding planes, similar accumulations of Baculites cf. 
chi coensis Trask sensu Usher 1952 (especially near the top), rar e specimens 
of Endocostea sp. indet., some poor Pachydiscus (Canadoceras) comparable 
with E'. (~.) newberryanus Meek, Gaudryceras denmanense Whiteaves, 
Pseudoxybeloc eras cf. lineatum Gabb arid Ryugasella cf. ryugasensis Wright 
and Matsumoto. 

In spit e of the absence of all diagnostic ammonites of the 
Vancouverens e zone, the above li sted fauna of the upper Trent River shale 
seems to the author to be more closely allied to that fauna than to that of any 
older zones of the Nanaimo Group. For this reason this shale unit is tenta
tively correlated with the Cedar District Formation in spite of the previously 
discussed contrary evidence of Pseudoschloenbachia cf. umbulazi (see p. 50 
of this report), which was preferred in the earli er report of the writer 
(Jeletzky, 1967, p. 70, Table I)~ It may be noted in this connection that the 
Trent River Pseudoschloenbachia form is not conspecific w ith the Haslam 
Formation form. 

Unfortunately no part of the shale unit concerned was tes-ted for 
its foraminiferal fauna by McGugan (1952, p. 587, Fig. 1) judging by the loca
tion of his micropaleontological probes. 

The extensive sections of the upper Trent River shale on the 
western side of Denman Island did not yield any faunal e lements of the 
Elongatum and Schmidti zones apart from the one recorded, but here dis
counted occurrence of Bostrychoceras elongatum (~ p. 40 of this report). 
Furthermore, these beds are locally rich in Baculites chicoensis Trask sensu 
Usher and Inoceramus ex gr. vancouverensis-subundatus occurring in blue
grey limestone concretions or as accumulations on the bedding planes. 
Finally, they have yielded diagnostic Upper Campanian Cibicides voltziana fauna 
(McGugan. 1952, p. 589, Fig. 3). This part of the upper Trent River shale 
may accordingly be confidently correlated w ith the Vancouverense zone of the 
Nanaimo Basin. The previously mentioned 6-inch to 3-foot-thick p ebble con
glomerate accompanied by a sharp erosional boundary(~ p. 40 and Fig. 7, 
sec. 6b), is tentatively considered to represent the lower boundary of the 
upper part of the Trent River shale correlative with the Cedar District 
Formation in the Denman Island sections. The underlying beds, did not yield 
J 

£ee Addendum 2, page 70. 
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any macrofauna and the wr iter does not know anything about their foramin
iferal fauna either. 

Regardless of numerous details, which must be settled by further 
detailed field work and fossil collecting, it is obvious that the Trent River 
Formation as defined by Buckham (l 947a, l 947b) and Usher (1952, pp. 24-25) 
is a heterogeneous assemblage of rocks w hich includes time equivalents of 
both the Haslam and the Cedar District formations of the Nanaimo Basin. 
The term Cedar District Formation is used by the writers (Table I) for the 
upper part of the Trent River shale of Comox Basin. The De Courcy 
Formation of Denman Island (i.e. the here suppressed Denman Formation) is 
tentatively placed in the Vancouverense zone because of the complete absence 
of any fauna! e l ements of the Suciaensis zone in this formation. So far as 
known, these only appear in the overlying upper part of the Northumberland 
(= Lambert) Formation. 1 

Age and interregional correlation 

Unlike Popenoe eti!:.!._. (1960, pp. 1513-1515), thewriterinterprets 
the Vancouverense zone of the Cedar District Formation as of early Upper 
Campanian age and older than the Metaplacenticeras pacificum zone of 
Californi a and Japan (Table III). 

As pointed out by Matsumoto (1960, pp. 17-20) and Popenoe eti!:.!._. 
(1960, pp. 1513-1514) , such index ammonites of the Vancouverense zone as 
Pachydiscus (Canadoceras) newberryanus and Pachydiscus neevesi range 
down into the Patagiosites and Anapachydiscus zone and even into 
Submortoniceras chicoensis zone of California. The same is true of the 
Nanaimo Group of Nanaimo Basin where these species range down into the 
upper part of the Haslam Formation (e.g. on Brannan Creek and in Northwest 
Bay). At the same time none of these or other [J2;,i.t_agiosite s aff. !'. 
arbucklensis (Anderson), Pachydiscus (Anapachydiscus) aff. wittekindi 
(Schluter) J diagnostic ammonites of the Vancouve rens e zone are known to 
range up into the Metaplacenticeras pacificum zone in California which con
tains instead such diagnostic elements of the Northumberland-Lambert 
Faunizone of Usher (1952) as Didymoceras? cooperi Gabb and Pseudophyllites 
indra Forbes . The record of Baculites occidentalis from the Vancouverense 
zone of Sucia Island (Usher , 1952, p. 99) has remained without confirmation 
for over 80 years and may well be due to either the mislabelling or misplace
ment of the specimen concerned. 

In western Europe, Poland and southern USSR (J eletzky, 1951 , 
pp . 18-19, Table l; Mikhailov, 1951, pp. 124-128, Table 32) the 
Hoplitoplacenticeras coespheldiense zone is of early rather than late Upper 
Campanian age. It is invariably separated from the basal Maestrichtian beds 
in the now generally accepted sense by the Bostrychoceras polyplocum and 
Belemnitella langei zone (Table III). 

The presence of a unique specimen of Pachydiscus cf. jacguoti 
(= Pachydiscus cf. egertoni according to Matsumoto, l 959b, pp. 42-46, 
Figs. 18-20) in the Vancouverense zone of southern Sucia Island is hardly 
indicative of the stratigraphic position of these beds in the immediate prox
imity of the Campanian-Mae strichtian boundary contrary to the opinion of 
Usher (1952, pp. 16 , 38-39) and Matsumoto (l 959b, p. 46). Pachydiscus of 
E'· neubergicus-gollevillensis-egertoni species group have long been known 
from the late Upper Campanian Bostrychoceras pol'yplocum-Belemnitella 
1 

See Addendum 3, page 70. 
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langei zone in western Europe and elsewhere (e.g. Pachydiscus hibernicus 
Spath, 1922; ~ G. W. Wright and E. V. Wright, 1951, p. 20; Pachydiscus 
preegertoni Collignon, l 955a, p. 61, pl. XX, Fig. 1; Pachydiscus colligatus; 
~ Jeletzky, 1951, pp. 18-19, Table I, p. 133) and one should not be sur
prised to see the first representatives of this species group in the early 
Upper Campanian beds. Besides, this unique and old (collected by 
J. Richardson, in 1874) specimen may have been collected elsewhere and 
mislabelled. 

Hoplitoplacenticeras vancouverense beds of southern Sucia Island 
occur near the base of the Cedar District Formation originally called Haslam 
shale) and are underlain by a coarse pebble conglomerate (McLellan, 1927, 
p. 122). The conglomerate is now inferred to be correlative to the Extension
Protection Formation of the Nanaimo Basin. Contrary to the statement of 
Popenoe et al. (1960, p. 1 51 5) there are specimens of Inoceramus ex gr. 
schmidti Michael apparently identical with l· e legans Sokolov' and l· schmidti 
s. str. recorded as collected in some part of the southern Sucia Island sec
tion (see Anderson, 1958, pl. 22, Fig. 4, confirmed by personal observations 
in the Stanford University fossil collections in the USGS Menlo Park office, 
November 1966). However, the extensive fossil collection from Sucia Island 
by Usher (locality 526) which has yielded all the Hoplitoplacenticeras 
vancouverense fauna described by Usher (1952) does not seem to contain any 
specimens or fragments of Inoceramus ex gr. schmidti Michael. This sug
gests that the above mentioned specimens of Inoceramus elegans and l· 
schmidti s. str. preserved in Stanford University collections either were not 
collected in the same beds as Hoplitoplacenticeras vancouverense fauna or 
are mislabelled specimens collected elsewhere. If these specimens are from 
Sucia Island, they were probably collected either from the still lower part of 
the about 700-foot-thick sandy shale unit that yielded Hoplitoplacenticeras 
vancouverense fauna or from the underlying pebble conglomerate unit. If so, 
the presence of Inoceramus schmidti fauna in close proximity to 
Hoplitoplacenticeras vancouverense beds would provide another important 
link with the Schmidti zone of the upper Haslam Formation and militate 
against inserting the Metaplacenticeras pacificum zone between the two. 

In California l· schmidti and.!.: sachalinensis are so far only 
known from the Patagiosites and Anapachydiscus zone which appears to under
lie Metaplacenticeras pacificum zone (Table III). Finally, Muller has found 
a readily identifiable specimen of Metaplacenticeras cf. pacificum (Smith) on 
South Pender Island (GSC loc. 75495) in 1966 in beds forming part of the 
Northumb erland Formation. 

In summary, it is virtually certain that the Vancouverense zone 
of the Cedar District Formation is not quite as young as was hitherto believed 
and represents the lower rather than uppermost part of the upper Campani an 
stage of the international standard. It is definite ly older than the youngest 
Campanian zone of the Indo-Pacific faunal realm - the Metaplacenticeras 
pacificum zone. 

Pachydiscus (Pachydiscus) suciaensis- zone 

Usher's (1952, p. 17, 27, 39) unreserved placement of the 
Northumberland-Lambert Faunizone in the Maestrichtian Stage and McGugan's 
(1962, 1964) equally positive placement of the bulk of this zone into the upper 
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Campanian are less contradictory than they seem to be. This contradiction 
is largely a matter of a nomenclatorial tangle concerning the Campanian
Mae strichtian boundary. 

The problem of delimitation of Campanian and Maestrichtian 
stages was highly controversial for several decades. No less than four diff
erent positions of this boundary were advocated by competent specialists at 
one time or another. The subject matter was summarized by Mikhailov 
{1951, pp. 126-130, Tables 32-33), Jeletzky (1951, p. 13-25, Table I) and 
best of all by Voigt (1956) whose paper should be consulted by anyone con
cerned. At present most specialists have agreed to place the Maestrichtian
Campanian boundary at the base of Hoploscaphites constrictus zone and its 
equivalents (see Jeletzky, 1951, Table l; this report Table III), leaving 
Bostrychoceras polyplocum-Belemnitella langei zone in the uppermost 
Campanian and placing the next younger European zones of Belemnella 
lanceolata f. typ. and Acanthoscaphites tridens in the basal Maestrichtian 
(Table III). It would appear that the Matsumoto's (l 959a, l 959b, 1960) and 
Popenoe' s et _tl. (1960) placement of the Campanian-Maestrichtian boundary 
above Metaplacenticeras pacificum zone and its Japanese equivalents agrees 
closely with this placement of the boundary in Europe. This definition of the 
Maestrichtian and Campanian stages was used by McGugan (1962, 1964) but 
apparently not by Usher (1952). Although he does not say so unequivocally, 
Usher's (1952, Fig. 2) placement of all of the Navarro Group in the 
Maestrichtian indicates that he has placed Bostrychoceras polyplocum
Belemnitella langei zone in the basal Maestrichtian following Spath (1926), 
Muller and Schenck (1942) and some other workers. 

As already mentioned, the writer adheres to the same concept of 
the Maestrichtian stage as McGugan (1962, 1964) and the majority of other 
Cretaceous specialists. Therefore he places the bulk of the Northumberland
Lambert Faunizone of Usher (1952) in the late Upper Campanian and corre
lates it tentatively with most or all of the European Bostrychoceras 
polyplocum-Belemnitella langei zone. This assignment is in perfect agree
ment w ith the reference of the Vancouverense zone to the early upper 
Campanian proposed in the previous section of this report. 

Metaplacenticeras cf. pacificum subzone 

The already mentioned (p. 55) r ecent discovery of 
Metaplacenticeras cf. pacificum (Smith) at GSC loc. 75495 on South Pender 
Island provides the hitherto lacking link between the fauna of the Suciaensis 
zone of the Nanaimo Group and the latest Campanian beds of California where 
apparently most of these faunal e l ements are missing. 

According to Muller the stratigraphic position of the 
Metaplacenticeras from South Pender Island, is most likely close above the 
De Courcy. The beds are steep and faulted but the gradational transition 
from De Courcy to Northumberland seems uninterrupted. 

It is possible that this particular specimen of M. cf. pacificum 
has been collected from an older part of Northumberland Formation than the 
rest of its ammonite fauna (Pachydiscus suciaensis, E. cotacodensis and 
Ps e udophyllites indra) but, as already mentioned (p. 54 of this report), 
M. pacificum is known to be associated in California with some faunal ele
ments of the Suciaensis zone. Furthermore, the same ammonite and fora
miniferal fauna ranges up into the Spray Formation of Nanaimo Basin 
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(=upper shale member of the Northumberland Formation of Usher, 1952; 
~ Fig. 1 of this report) . McGugan (1962, p. 591) states that: "the pres 
ence of the Cibicide s voltziana fauna and the absence of the abundant and diag
nostic fauna including Bolivina incrassata, Bulimina petroleana, 
Globorotalite s spina, Planulina nacatochensis and Allomorphina cf. cretacea, 
definitely dates the highest Northumberland as older than].. incrassata 
zone ." 

Ammonites previously collected in the lower shale member of the 
Northumberland Formation (= restricted Northumberland Formation of this 
report) of Nanaimo Basin (Usher, 1952, p. 19) includePachydiscus suciaensis 
Meek,£'. ootacodensis (Stoli czka) renamed£'. usheri by Jones, 1963, and 
Pseudophyllites indra (Forbes). Of these only!'. suciaensis has been defin
itely recognized in the uppe r m ember (Usher, 1952, p. 19) renamedthe Spray 
Formation by the wr iters (Fig. 1). 

The combined evidence of foraminifers and ammonites is suffic
ient to equate all of the P achydi scus suciaensis-bearing beds of the 
Northumberland and Spray formations of Nanaimo Basin with the 
Metaplacenticeras pacificum zone of California and to place them into the late 
Upper Campanian Stage for the purpose of this report (Table III). However, 
Muller has tentatively suggested that beds of Campbell Bay on Mayne Island 
may be e quival ent to the upper Spray Formation of Comox Basin (~Fig. 1 
and following section). 

Nostocera s hornbyense subzone 

Pachydiscus (Pachydiscus) suciaensis fauna has, however, a 
longer time range in the Northumberland (formerly Lower Lambert Formation) 
and the Spray (formerly upper Lambert) formations of Comox Basin (Fig. 1) . 
.!:_. suciaensis Meek, P. ootacodensis (Stolic zka) and Pseudophyllite s indra 
(Forbes) have be en collected among others in the -Spray Formation (formerly 
the upper part of Lambert Formation) on Hornby Island (Usher , 1 952 , p. 19) 
and these two ammonite faunas apparently belong to the same paleontological 
zone w hich is named herewith the Suciaensis zone after.!:_. (.!:..) suciaensis 
(Meek). 

McGugan (1962, pp. 588-589, Fig. 3) has discovered?- most 
striking microfaunal break in the middle part of the Spray ('Upper Lambert ') 
Formation of Hornby Island. The upper part of the formation was found to 
contain the e arly Maestrichtian Bolivina incrassata fauna whereas its lower 
part was found to contain the late Campanian Cibicides voltziana fauna 
(Figs. 1 and 6). 

With the aid of supplementary field information kindly supplied by 
Dr. A.McGugan and a stratigraphic section measured by his ow n party, 
Muller was able to tentatively e quate McGugan' s break as a 50-foot sandstone 
unit within the Spray (= upper Lambert) Formation, occurring at Manning 
Point, about halfway b etween Phipps and Coli shaw points. It could also be 
established with the aid of Usher's field notes that his locations east of there 
(stratigraphically higher and more or less equivalent to Bolivina incrassata 
zone) would be from the highest location down: GSC 15566 (110); 15572 (115); 
and 15571 (114). This group contains Pachydiscus ootacodensis, !'. 
suciaensis, Baculites occidentalis and Pseudophyllites indra, with the last 
named fossil occurring only in the lowermost locality. The next lower local
ities, probably within the Manning Point sandstone, are 15569 (112) and 
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15570 (113), containing the above - named ammonites and also Didymoceras? 
coope!"i, Neophylloceras ramosum, Nostoceras hornbyense and 
Phyllopachyceras forbesianum. Lastly, locality 15565 (109) is b e low the 
Manning Point sandstone and probably below the Bolivina incras sata zone. 
It contains all previously named ammonites except N. hornbyense and E'. 
forbesianum and in addition Diplomoceras notabile and Gaudrxceras sp. 

This stratigraphic information clearly indicates that the 
Pachydiscus suciaensis fauna is long ranging. Most of its species, including 
E'. suciaensis, .E'. ootacodensis, ~· occidentalis, E'. indra and _Q. cooperi, 
range up into the early Maestrichtian part of the Hornby Island section. 
Only D. notabile and Gaudryceras sp. seem to be restricted to the late upper 
Campanian part of the se~t'ion. Conversely, onlyN. hornbyense and.!:'. 
forbesianum appear to be confined to the early Maestrichtian part of the 
section. 

The data at hand are few and inconclusive. They sugge st , never
theles,;, the s ubdivision of the Suciaensis zone into two subzones . The lower 
sub zone is characterized by the presence of Diplomoceras notab ile and rare 
occurrer.ce of Metaplacenticeras cf. pacificum and is named cf. Pacificum 
sub zone. It can be correlated with the Metaplacenticeras zone of California 
and Japan and placed in the late Upper Campanian stage of the international 
standard (Table III) . The upper, early Maestrichtian subzone seems to be 
characterized by the absence of M. cf. pacificum and the presence of 
Nostoceras hornbyense and Phyllopachyceras forbesianum. It is name d the 
Hornbyense subzone. Further research may necessitate the assignment of 
full zonal rank to these two subzones, considering the circumstance that their 
boundary seems to coincide with an important micropal eontological break and 
with the Campanian-Maestrichtian boundary (Fig. 1; Table III). 

STRATIGRAPHY AND BIOCHRONOLOGY OF NANAIMO 
GROUP IN SUQUASH BASIN 

(J. A. J eletzky) 

In 1968 the writ er (Jeletzky, 1969, p. 132-133) m e asured several 
discontinuous partial sections of the Nanaimo rocks w ithin an about 3-mile
long stretch of the shoreline southwest of Thomas Point and along the lower 
2 miles of Keogh(= Ki-Uk) River. This part of Suquash Basin appears t o 
represent the northern limb of a gentle (prevalent dips of 5 to 15 degrees to 
southwest) synclinal structure, commonly complicated by supplementary 
equally gentle fold s and strongly disrupted by a number of major faults of 
several directions. The inferred structural relationships of the individual 
fault block s and marked lithological differences of the individual rock units 
suggest an upward s uccess ion of Nanaimo Group in this part of SuquashBasin 
consisting of two sandstone-siltstone cycles. The writer's interpretation 
d iffer s from the interpretati on of this succession by Muller, as it is stressed 
in the chapter on stratigraphy. pp. 33- 34 and in Figur e 1. The suggested 
upward succession of Nanaimo Group of Suquash Basin is as follows: 

1. Basal coars e-grained greywacke unit discordantly overlapping 
the volcanic rocks of Karmatsen Group about three-fifths of a mile southwest 
of Thoma s Point. This unit consists predominantly of buff- to rust-coloured, 
coarse- to medium-grained, commonly gritty, intensively crossbedded and 
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locally calcareous greywacke with some lenticular interbeds and lenses of 
fine to coarse grit and fine pebble conglomerate. Some poorly exposed inter
beds of friab le , fine-grained, locally carbonaceous to coaly greywacke and 
sandy siltstone occur in this unit. The Beaver Harbour florule described by 
G. M. Dawson and J. W. Dawson (1889, pp . 71-72) and J. W. Dawson (1894) 
was collected from equivalent carbonaceous to coaly interbeds in the small 
outliers of the Basal coarse-grained greywacke unit occurring within Beaver 
Harbour (G. M. Dawson, 1887, p. 62B). These outliers were not seen by the 
write r . 

The Basal coarse ~grained greywacke unit appears to be more than 
1, 000 feet thick, provided that it is not repeated several times by unrecog 
nized major faults. 

An about 13-foot-thick interbed of more or less calcareous, 
richly fossiliferous, coarse-grained greywacke occurring in the middle part 
of the Basal unit has yielded (GSC loc. 82952): Inoceramus subundatus 
Meek, l· aff. vancouve.rensis Shumard, Trigonia cf. tryonana Gabb, 
Pectunculus weatchii Whiteaves and other marine pelecypods and gastropods. 
Otherwise no identifiable fossils have been found in the unit which appears to 
cons i st largely of beach and deltaic deposits. 

The Inoceramus subundatus fauna of GSC loc. 82952 cannot be 
any younger than the overlying late upper Campanian Metaplacenticeras 
occidentale fauna of the Suquash Basin. It is unlikely to be any older than t h e 
Vancou ve r ense zone of Nanaimo and Comox basins because of the common 
occurr ence of l· subundatu s and l· aff. vancouverensis as well as the com
plete absence of l· ex gr. schmidti-orientalis - naummani and l · ex gr . 
chi coensis. This suggests the equivalence of the Basal coarse-gr ained grey
wacke unit of Suquash Basin with the Cedar District Formation of Nanaimo 
and Comox basins (Fig. 1) .1 This correlation is confirmed by the fact that an 
almost identical fauna consisting of Inoceramus vanco uverensis Shumar d and 
l· subundatus Meek (GSC l oc . 82953) has been found only 20 to 25 fee t above 
the base of a coarse - grained, oft en gritty and pebbly greywacke discovered 
by Daw son (1887, p. 72B) on the east side of H ope Island . This greywacke 
unit is lithologically and stratigraphically identical to the Basal coarse
grained greywacke unit of S u quash Basin and is herew ith corr e lated with the 
latter. 

The proposed correlation of the Basal coarse-grained greywacke 
unit with t h e Cedar District Formation of Nanaimo and Comox basins is com
patible with the fo llowing recent (1966) dating of megaplants collected b y 
J.E . M ull er from the apparently equivalent beds (GSC loc. 7819) occurring 
low in Suquash Bas in succession on the north shore of Port McNeill on 
Broughton Strait, at 50°36 1 lO"N lat. and 127°5'19" long. provided by the late 
Dr. W. A . Bell : "Pseudocycas latipennis, Trochodendroides arctica and 
Rhamnit< ... s eminens are members of Nanaimo Group floras. Quereuxia 
angulata, formerly known as Trapa? microphyla, occurs in St. Mary River 
and Edmonton (both l ower and upper parts) Formation, as well as in Wapiti 
Group, and Paleocene beds of Alberta and Saskatchewan, but was not unti l 
present, recorded from the Nanaimo Group. It is concluded t h at the above 
florul e fa ll s within the time limits Campanian -Maestrichtian and more prob
ably w ithin age li m it s of the Nanaimo Group. " 

The pollen a nd spores collected by J.E. M uller from t h e above 
l ocality have been dated a s fo llows by W . S. Hopkins, Jr.: 
1 See Addendum 4, page 70. 
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"Pres ervati on of pollen and spores from these rocks is very 

poor and the density is low. As a result, some of the determinations are 
questionable while other determinations are to a generalized level. 

"The relative abundance of angiosperm pollen suggests a post
early Cretaceous age; furthermore there is nothing characteristic of an 
Eocene or younger age. Gleichenia is most abundant in Paleocene and Upper 
Cretaceous rocks, although it does occur farther down the column. 
Proteacidites seems, at present time, to be restricted to Upper Cretaceous 
rocks in western North America. Most of the other forms are found in 
Jurassic, Cretaceous and Tertiary rocks, but none are incompatible with an 
Upper Cretaceous age. It is the writer's opinion that this florule is Senonian 
in age, probably Maestrichtian." 

The above cited pale ontological data suggest that the oldest 
Nanaimo rocks of the Suquash Basin represent some part of the early 
Campanian Vancouverense zone and are correlative with the Cedar District 
Formation of Nanaimo and Comox basins (Fig. 1). It seems likely that the 
older beds of Nanaimo Group were not deposited in Suquash Basin as the 
Upper Cretaceous transgression has covered the northeast part of Vancouver 
Island considerably later (in Vancouverense time) than it did its southeastern 
part. The writer agrees with Sutherland-Brown (1966,, Figs. 6-7) that the 
late upper Cretaceous sea of northeastern Vancouver Island was not directly 
connected with the Nanaimo-Comox sea and has reached Suquash Basin from 
northwest. 

2. Variegated sandstone unit. At the point of shoreline situated 

about 3/4 mile west of the mouth of Keogh River the Basal coarse-grained 
greywacke unit is conformably and gradationally overlain by an at least 500-
foot-thick sandstone unit consisting of an irregular interbedding of the usually 
10- to 30-foot-thick members of: 

1. Greywacke, dull grey weather ing, rust to chocolate coloured, 
medium to coarse grained, hard and weathering-resistant, most ly massive
looking, commonly more or less calcareous and ferruginous. This grey
wacke is commonly similar to that of the Basal coarse~grained greywacke 
member; and 

2. Subgreywacke and (?) arkose, light to pinkish grey, weather
ing buff to whitish grey, well sorted and rounded, mostly fine grained, pre
dominantly thinly bedded to laminated, mostly strongly and intricately cross
bedded and ripple-marked. These sandstones are locally carbonaceous to 
coaly and include a 1- to 2-foot-thick interbed of dark brown, coaly siltstone 
rich in poorly preserved plant remains in the middle part of the unit. An 
apparently lenticular 5- to 6-inch-thick bed of impure coal occurs in this 
siltstone interbed. 

No marine fossils have been found in this apparently deltaic sand
stone unit which could correspond either to the Vancouverense zone or to the cf. 
Pacificum subzone of the Nanaimo and Comox basins because of its strati
graphic position. 

3. Metaplacenticeras occidentale siltstone. The Variegated sand
stone unit grades upward into an at least 35-foot-thick unit of ash to medium 

grey, sandy to very sandy siltstone rich in concretions and thin concretionary 
bands of impure lime stone and calcarenite. At the point of shoreline situated 
about 2 1/2 miles southeast of Thomas Point this siltstone unit has yielded 
Metaplacenticeras occidentale (Whiteaves), Schluteria cf. selwyniana 
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(Whiteave s) , juvenil e ammonite probably belonging to Pseudophyllite s indra 
F orbes , Trigonia (Pt erotrigonia) cf. evansana Meek and various long 
ranging, marine pelecypods and gastropods (GSC loc . 82962 and 82963). 

Metaplacenticeras occidentale (Whiteaves, 1889) was known pr e 
viously on l y fr om its holotype found by Dr. G.M . Dawson in 1885 on Ki - Uk 
(= Keogh) R iver a nd described by Whiteaves (1 889, p. 155, p l. 2 1 , Fig. 1) as 
Placenticeras occidentale. Dawson (1887, p. 63B) does not indicate the 
exact locality of this unique specimen but the writer believes that it was 
found somewhere in the stretch between 1/4 and 3/8 of a mile above the mouth 
of Keogh River. Poor outcrops of unfossiliferous siltstone lithologically 
similar to the previou sly d escribed Metaplacenticeras occidentale siltstone 
occur locally within this interval. 1 

The holotype of Placenticeras occidentale Whiteaves 1889 (a com
plete, apparently adult living chamber with fragments of the last suture line) 
is a representative of the genus Metaplacenticeras Spath 1926 in terms of 
modern ammonite taxonomy. 

M. oc cidentale Whiteaves 1889 appears to be more closely allied 
to M· californicum (Anderson) (Anderson, 1958, pl. 36, Fig. 1) than to any 
other representative of Metaplacenticeras. It differs, however, from this 
species in its considerably coarser and sparser umbilical nodes and ribs . 
The broadly rounded rib surfaces are, furthermore, covered by fine, longi
tudinal riblets and feebly developed bullae occur commonly at the points of 
their bifurcation slightly below mid-flank. The adapical part of the indiffer
ently preserved venter seems to exhibit an ill-developed median keel while 
its ado r al part is flat between ventro-lateral transverse bullae of a general 
Metaplacenticeras type. 

According to Dawson (1887, p. 63B) the shaly beds which have 
yielded M. occidentale are closely related to the coal-bearing rocks of Port 
McNeill and Beaver Harbour which have yielded a meagre late Cretaceous 
flora collected by him and lat er by J.E. Muller (see discussion earlier in 
this section). This flora was tentatively compared with that of Protection 
Island (i.e. of Extension-Protection Formation of this report) by G.M.Dawson 
andJ. W . Dawson(1889, pp. 71-72). SomewhatlaterJ . W . Dawson(1894, 
pp. 53-73) suggested that the Port McNeill florule is a little younger than the 
Nanaimo flora. Howeve r, Bell (1957, p. 14) was inclined to treat it as of 
"about the same age as that of the Comox, or possibly somewhat older" . 

The Metaplacenticeras occidentale siltstone of Suquash Basin 
obviously represents some part of the cf. Pacificum subzone of Suciaensis 
zone of Nanaimo and Comox basins. It indicates the equivalence of this silt
stone unit with the restricted Northumberland Formation (including lower 
Lambert Formation) of these basins (Fig. 1). 

The upper contact of Metaplacenticeras occidentale siltstone is 
concealed and probably faulted in all sections studied. Its true thickness may 
therefore be considerably greater than its maximum measured thickness of 
about 35 feet. 

4. Upper greywacke unit. The Metaplacenticera s occidentale 

siltstone appears to dip under and is believed to be overlain by an at least 
400-foot-thick unit of bluish grey to light grey, coarse- to fine-grained, hard 
greywacke and (?) arkose with some interbeds of similarly coloured grit and 
locally with several feet long, rounded inclusions of calcareous, differentially 
weathered greywacke. Thes e rocks are carbonaceous to coaly. They contain 
at least one 30-foot-thick member of grey siltstone rich in wood-bearing clay 
l 

Se e Addendum 5, page 70. 
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ironstone concretions and bands. This siltstone member contains interbeds 
of black to dark brown coaly siltstone with 1- to 3-inch-thick layers and pods 
of impure coal. The complete thickness of the Upper greywacke unit is 
unknown. 

The Upper Greywacke unit is believed to be younger than 
Metaplacenticeras occidentale siltstone because of its predominantly south
western dips and occurrence on the apparently downthrown southern side of 
an important east - west trending fault. This normal or strike- slip fault 
appears to cut off the top of Metaplacenticeras occidentale siltstone on the 
sea shore and in the lower course of Keogh River. 

Because of its inferred superposition on the Metaplacenticeras 
occiden tale siltstone the unfossiliferous Upper greywacke unit is believed to 
be only slightly younger than the latter unit and to correspond to the upper 
part of cf. Pacificum subzone of Nanaimo and Comox basins. It is correlated 
tentatively with the lithologically similar Geoffrey(= middle conglomeratic 
member of the Northumberland and the lower part of the upper Lambert 
Formation of previous workers;~ Fig. 1). 

5. Upper siltstone unit. At the point about 1 3/4 miles above the 

mouth of Keogh River the Upper greywacke unit is overlain conformably and 
gradationally by an at least 250- foot-thick unit of dull- to dark- grey sandy to 
very sandy, commonly thinly bedded to laminated, friable siltstone. This 
Upper siltstone unit contains considerable bands and lenses of similarly 
coloured, predominantly friable, fine grained, silty greywacke but appears 
to lack lime stone concretions and bands. 

Numerous 3- to 8-inch cannonball concretions of hard, very fine 
grained greywacke or sandy siltstone occur in uppermost exposed beds (20 to 
25 feet) of the unit. These concretions have yielded some long-ranging, mar
ine pelecypods and gastropods of the general Nanaimo Group affinities (GSC 
loc. 82964) and some poor leaves. The top of the Upper siltstone unit was 
not reached either in the bed of Keogh River or in that of its second left 
confluent. 

The Upper siltstone unit cannot be dated closely from its rare, 
long-ranging fossils. However, it could possibly be younger than the cf. 
Pacificum subzone in part and to include equivalents of the Suciaense zone of 
Comox Basin(~ pp. 57-58) and to include early Lower Maestrichtian beds 
because of its inferr ed stratigraphic position several hundred feet above the 
Metapl acenticeras occidentale siltstone. This correlation is favoured in this 
report (Fig. 1) pending additional field work in Suquash Basin. 

PALEOGEOGRAPHY 

(J.E. Mull er) 

Introduction 

The paleogeography of the Nanaimo Group may now be summ
arized. The general distribution and probable basin limits were aptly shown 
by Sutherland-Brow n (1966) . H e outlined one large basin, embracing Strait 
of Georgia, Nanaimo and Comox basins and adjacent outlie rs on Vancouver 
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Island and a portion of the mainland including the Garibaldi area. He regarded 
this as a downfaulted trough, the 'Georgia Seaway'. Another small embay
ment, not directly connected, was shown over Queen Charlotte Strait, the 
Suquash Basin and the Neroutsos Inlet outlier. The writer follows this con
cept in principle with some modification. 

It must be borne in mind that much of the present topography is 
due to post-Cretaceous vertical c rustal movement. Along the coast of 
Vancouver Island and the Gulf Islands the sediments of the Nanaimo Group 
are exposed at sea level, but inland on Vancouver Island and on the mainland 
they are now at 3, 000- to 5, 000-foot elevation. For example Forbidden 
Plateau and Beaufort Range were apparently uplifted after deposition of 
Nanaimo beds, now at more than 5, 000 feet elevation. Thus a direct connec
tion between Comox and Alberni areas probably existe d in Late Cretaceous 
time (see Fig. 8). A direct connection from Alberni to the Pacific Ocean 
although possible is unsupported by field evidence and therefore not shown. 
However, according to J eletzky the development of ammonite a nd Inoc eramus 
faunas clearly indicate s a good connection with California and Japan via the 
Pacific Ocean. As the extent a nd thickness of the oldest Nanaimo sediments 
is greatest in southern Vancouver Island, the seaway is inferred to have occ
upied that part of the is land during first and second depositional cycles. 

First cycle 

At the beginning of the first cycle of deposition (Fig. 8) fluvial 
and beach-gravels accumulated in the northwestern part of the Comox Basin 
and on the Horne Lake and Nanoose ridges (Benson Member). At the same 
time thick layers of sand were laid down along the shorelines. The sands 
formed an ever-shifting shore-bar that closed off lagoons in the Comox 
Basin. There several layers of peat were formed, interbedded with clay and 
sand (Comox Formation). Away from the shore, but still in shallow water, 
sandy and silty clay enclosing shells of the Naumanni fauna came to rest, and 
near the shore, sand with the same fauna was deposited. Later the sea 
advanced and silty clays, also containing the Naumanni (A) and lat e r the 
Haradai (B) fauna were laid down (Haslam Formation) over the lagoonal depos
its, on the shoreline sands. or directly on pre-Cretaceous rocks, with a 
basal veneer of gravel and sand derived from the volcanic substratum (Fig. 8) . 
The cycle ended with sandy deposits containing the ear l y Campanian Schmidti 
fauna (Wellington Member). This fauna is only present in Nanaimo Basin and 
the sea had either - retreated from Comox Basin or its deposits were removed 
by erosion before the beginning of the second cycle. 

There are indications that no marine transgression of the north
east half of the Strait of Georgia or the mainland occurred dur in g the first 
depositional cycle. For on Texada Island conglomerate and greywacke with 
(reworked ? ) Schmidti fauna, considered to represent Extension conglome r
ate, directly overlies Karmutsen volcanic rocks. Conglomerate on Pender, 
Saturna, and Sucia islands underlying Cedar District Formation and rich in 
poorly sorted subangular clasts of pre-Cretaceous rocks, is also inferred to 
lie directly on these rocks, although the contact is nowhere exposed. The 
Cheakamus Formation on the mainland (Mathews, 1958) apparently also con
tains Schmidti and Vancouverense zone fossils suggesting that the sea of the 
second depositional cycle w as the first to invade the mainland. 
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Second cycle 

The marine transgression of the second depositional cycle was 
probably more extensive than its predecessor. It started with peat moor con
ditions in the Nanaimo Basin, similar to those prevailing in the ComoxBasin 
in the first depositional cycle. The Wellington seam, in places consisting of 
up to four closely spaced seams, was deposited on marine sands (Wellington 
Member) succeeding Haslam marine shales in the Wellington and No-rthwest 
Bay areas. The Douglas seam was formed later, after an interval of depo
sition of gravel and sand (Extension and Cranberry membe.rs). The Wellington 
peat moor probably did not extend eastward into the area later occupied by 
the Douglas moor. A study of the petrography of the Wellington coal 
(Hacquebard et!!:!_., 1967) has indicated that the peat swamps were alternat
ihgly forest moors and open reed moors. More shoreline-sands followed the 
Douglas peat moor. 

In the Comox Basin a few narrow wedges or 1 shoestring 1 -lenses 
of sand and gravel, were deposited in river-channels excavated into first
cycle sediments. As they contain blocks of Comox sandstone and Haslam 
calcareous concretions a considerable time interval may have e laps ed to p er
mit consolidation of the older sediments. The conglomerate of Thunder 
Mountain, likewise containing debris of older Nanaimo beds, is a11other rem
nant of the early part of the second depositional cycle. 

In the later part of the cycle the sea again invaded the lagoons and 
shores. The lower part of its deposits, perhaps coeval to the lagoonaldepos
its, were nearshore gravelly to sandy clays, enclosing shells of the 
Vancouverense fauna. The higher beds are thinly bedded graded sandstone
siltstone- shale sequences indicating deeper water where periodically turbid 
mudflows of sand, silt and clay were laid down. This sea is inferred to have 
extended at least from Great Central Lake in the we st to Garibaldi Park in 
the east and from the Comox Basin in the north to Cowichan Valley and Sucia 
Island in the south. It may have extended much more widely over south 
Vancouver Island. In this section it is assumed that the north Vancouver Island 
area was not reached by the sea before the third depositional cycle. But 
alternatively the sandstones with Vancouverense fauna of Suquash Basin and 
Hope Island could represent the Cedar District Formation and indicate second 
cycle deposition 1 .(~ J eletzky' s section on the Suquash BaJsin). 

Third and fourth cycle 

Sediments of the third and fourth depositional cycles (Fig. 9) are 
present on the islands in the Strait of Georgia and on northern Vancouver 
Island, but their former distribution is open to speculation. Both cycles have 
basal elastic sequences; De Courcy and Geoffrey formations. The outcrop
areas of these conglomerates are concentrated in thre e areas: Hornby and 
Denman islands; Gabriola Island, and Salt spring Island to Mayne Island. This 
may reflect an original condition: perhaps the conglomerates intertongue 
laterally with less resistant sandstone and shale that are now covered by the 
straits between the islands. In the case of the Geoffrey the wedging out of 
conglomerate from a maximum thickness on south Galiano Island to thinner 
conglomerate and sandstone on Saltspring and Mayne islands has been pointed 
out. One may surmise that these are deltaic fans issuing from separate 
streams onto a coastal plain. Furthermore several observations have been 
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made on the directions of movement in the many instances ofintraformational 
slumping found in sandstones and sandstone- shale sequences of these younger 
depositional cycles. They gene rally indicate northerly, northeasterly, or 
northwesterly direction of slump and thus a similarly directed slope of the 
ancient sea-bottom. It seems therefore that the coast was in the south or 
southwest. 

As the conglomerates indicate a nearby source of granitic, vol 
canic and metamorphic rocks, it is most likely that the pre- Cretaceous 
'basement' of south Vancouver Island and the San Juan Islands formed a 
shoreline at that time and supplied debris to the delta- building streams. 
That shore may well have closed off the basin in the south. It is unlikely that 
the seaway passed through northwestern Washington State as the Chuckanut 
Formation, apparently coeval to the upper part of the Nanaimo Group, is 
entirely nonmarine (Miller and Misch, 1963). 

On the other hand it has been indicated that the third cycle marine 
transgression was perhaps the first one to invade parts of northern Vancouver 
Island. This transgression could have extended southeastward, thus making 
a connection with the Comox and Nanaimo basins. One may also speculate 
that the transgression covered much of northern Vancouver Island and that 
the Nanaimo beds east of Neroutsos Inlet were laid down at this time. 

Later in these depositional cycles full marine conditions prevailed 
with deposition of offshore turbidites similar to those of the second cycle. 
The full gamut of lat e Campanian and early Maestrichtian ammonites entered 
from the Pacific Ocean. Curiously most of the species are at present con 
fined to the Hornby Island exposures in the northern part of the basin. 
Although this may be due to lack of preservation farther south one may also 
speculate that in early Maestrichtian time full marine conditions were mainly 
in the northern part of the Georgia seaway, with access to the Pacific Ocean 
from the north. 

STRUCTURE 

(J.E . Muller) 

The structure of the Nanaimo Group has been described and gen 
eralized briefly and rather differently by various authors. 

Clapp (1914a, p. 69) described the structure as one of mainly 
folding with a few "reversed or thrust faults" all striking northwesterly. He 
noted that the fault 3/4 mile southwest of the Extension anticline was nearly 
vertical as it was cut by the Extension tunnel "about 300 feet vertically below 
its outcrop, the rocks of the downthrown side turning abruptly up against the 
fault plane". Locally in the mineworkings the surface of the fault was found 
to be an overthrust dipping at low angle to the southwest. He mentioned and 
showed a few more faults, mainly longitudinal, but some transverse. The 
'rolls' (intraformational slumps) included by Clapp in structural features 
have been dealt with earlier in this report as penecontemporaneous sedimen 
tary structures. 

Buckham (l 947a, b) emphasized faulting rather than folding as the 
main structural feature He showed in the Nanaimo area a series of 
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near-parallel northwest e rly striking faults, many of them with northeastward 
downthrow at the south end and southwestward downthr own at the north end . 

Sutherland-Brown (1966) held that sharp northwesterly trending 
folds in Late Cretaceous rocks were surface express i ons of basement fault 
moveme nt. 

The wr iter also considers the nature of late Cretaceous to 
T e rtiary structure essentially one of ti l ted fault blocks. Over large areas 
Cr etac eous strata are gently inclined w ith rather uniform direction of dip 
(mainly northeast) and only in narrow faulted zones they have steep to ver t i
cal dips. Only a few well-de fined synclines, anticlines and perhaps no flat
dippin g thrust faults, so characteristic of the folded eastern foothi ll s of the 
Rocky Mountains, are part of this structural pattern (Fig . 10). 

One main system of faults strikes northweste rly . Subsidiary 
cross-faults strike north to northeasterly. The faults are rarely expos ed 
but commonly they a r e indicated by zones of steeply dipping beds, concealed 
contacts between Cretaceous and older rocks, and by prominent lineaments. 

Faults between Nanaimo beds and o lder rocks are most conspicu
ous by unmistakab l e contrast in topography and rock types. Some of these, 
like the fault between Beaufort Range and Alberni graben, the one along the 
north edge of Cowichan Lake and the fault south of Sicker Mountain, through 
Maple Bay and continuing through Saltspring Island, have a southwestward 
downthrow of one to several thousands of feet. Such faults separate north
eastward tilted b l ocks, each exposing older formations along the southwest 
edge and containing wedges of Cretaceous strata in t h e asymmetrical grabens 
along the n o rtheast edge. The thin, southwest edge of these wedges is eith er 
the basal unconformity or a fault of minor importance. Faulting generally 
increases northeastward in intensity and is most pronounced in the southern 
Gulf Islands. H ere , a broad fault zone marked by steeply northeast-dipping 
to southwest-overturned beds transects Saltspring, Prevost, Mayne, Pender 
and Saturna islands. An asymmetrical syncline w ith steep southwest limb, 
offs e t by seve r al cross fault s, occurs on north Saltspring, Prevost, Mayne 
and Saturna islands. 

The long itud inal fault s are in several places offset by cross
faults , in varying northeas t er l y dir ections . Although the block faulting is 
thought t o reflect essentially differential vertical crustal movement and hor i
zontal t ens ion, compression result ed locally at the near-vertical interfaces 
of diffe rentially moving blocks. Small-scale tight to isoclinal folding thus 
develope d locally in the fault zones . 

More d etailed structural work, aided by better stratigraphic con
trol, is n eeded to d e t ermine more fully the nature of faulting. In general 
one may surmise that t h e faulting was connected with late Cretaceous to 
Tertiary differential uplift of Vancouver Island and s imultaneous depression 
of the Georgia B as in. 
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ADDENDA 

Addendum 1. Since this was written Jeletzky has d i scovered exposures of 
conglomerate on Trent River in the interval 850 to 950 yards upstream from 
the mouth of Bloedel Creek. These beds apparently represent the Extens i on
Protection Formation and consist of 18 to more than 40 feet of the pebble to 
boulder conglomerate rich in shaly matrix with considerable interbeds of 
pebbly shale. They rest unconformably on the Pachydiscus perplicatus
bearing beds of the Elongatum zone, The Haradai subzone apparently was 
eroded away prior to the deposition of conglomerate formation which grades 
upward into pure, fissile shale of the Cedar District Formation. The latter 
outcrops uninterruptedly from the conglomerate outcrops to the mouth of 
Bloedel Creek and thence to the exposures of the thin sandy layer previously 
favoured by Muller as the boundary b etween the Haslam and Cedar District 
shales. The discovery of the conglomerate formation on Trent River adds 
at least 500 feet to the thickness of the Cedar District shales there (see 
Fig. 5). 

Addendum 2. Since this was written several readily identifiable specimens 
of typical Pachydiscus (Canadoceras) newberryanus, such as occur in the 
Sucia Island section of the Cedar District Formation, have been found by 
Jeletzky at this locality. This confirms the correlation of these beds with 
the lower part of the Cedar District shale of the Nanaimo Basin. 

Addendum 3. Since this was written se veral specimens of Metaplacenticeras 
cf. pacificum have been found by Jeletzky in the lowermost beds of the upper 
Cedar District shale outcropping at the signal light north of the Government 
ferry landing on the southwestern side of Denman Island. The De Courcy 
Formation and all of the upper Cedar District shale exposed on Denman 
Island (i.e. Sections 6a and 6b of Fig. 7) form accordingly part of the 
Metaplacenticeras cf. pacificum zone. Only the lower part of the Cedar 
District shale exposed on Trent River (i.e. Section 5 of Fig. 7) and the lower 
part of the Cedar District shale of more southerly areas can now be placed 
in the Vancouverense zone. 

Addendum 4. The correlation of the Basal coar se-grained greywacke unit 
with the Cedar District Formation was more recently confirmed by the dis
covery of well-preserved specimens of Baculites chicoensis Meek sensu 
Usher 1953 in beds immediately overlying those containing Inoceramus 
subundatus Meek, etc. fauna at the G. S. C. locality 82952. 

Addendum 5. When studied in a greater detail in 1969 during an exception
ally low water level these siltstones have been found to be a blue Pleistocene 
clay. This observation invalidates Jeletzky's conclusion concerning the 
exact locality of the type specimen of Metaplacenticeras occidentale. 
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