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Gabriola’s glacial drift—described 
Nick Doe 

Drift is any material a glacier has 
transported, be it large boulders, 
gravel, sand, silt, or clay.  It constitutes 
most of what some gardeners on 
Gabriola bravely call “soil”.  Till is that 
part of the drift that was deposited 
without being sorted and so remains 
much as it was when on or in the ice.  
The term “till” is however often used 
to mean anything that is obviously of 
glacial origin.     

Most glacial drift has a long history.  
Much of it probably started out as 
being the till of earlier glaciations, and 
many of the rocks in the drift have 
histories going back tens or even 
hundreds of millions of years.  We 
should be grateful that the glaciers 
have brought them to Gabriola where 
we can study them at leisure without 
having to leave the island. 

Soil 
The last ice age probably removed all of the 
island’s pre-existing soil—it is now 
somebody else’s till—so that what we have 
today is drift, regolith, and weathered mixes 
of the two together with anthropogenic soils 
(middens)1 and organic soils.2 

There are a few places in the uplands of 
Gabriola where the bedrock is sandstone, 
and the soil is entirely weathered sandstone; 
the soil is thin, well-drained, and usually 
forested, but even there, there’s often a 
glacial contribution in the form of erratics.3   

                                                           
1 Neptune soil. 
2 Metchosin soil. 
3  Saturna soil.  On Gabriola, these are dystric 
brunisols.  The sandstone contribution, apart from silt 

                                                                                       
and sand, is shallow deposits of channery (thin and 
flat sandstone fragments).  

Above:  Even for a geologist, stones in glacial till in 
the garden are not that fascinating.  But a few of 
these stones may date back to the Paleozoic era and 
be more than 300-million years old.  Like human 
immigrants to Gabriola, each one has a history. 
Below:  Stones that have had a “wash and brush-up” 
on the beach look a lot more interesting.  This is 
Whalebone beach (trowel for scale). 
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In a separate article, I give some detail on 
the relationships between drift and soil, but, 
in general, I find technical descriptions of 
soils are seldom focussed on their geological 
origins, and hence in the present context are 
not particularly useful.  

Ablation till 
Ablation till mainly originates along the 

sides of valley glaciers.  Material 
accumulated at the sides becomes lateral 
moraine, and eventually this becomes mixed 
with the lateral moraine from other valleys.  
In classic valley glaciers, most moraine is 
eventually deposited at the snout of the 
glacier, but the last ice age ended abruptly 
and the glaciers in our area simply stopped 
moving and wasted away leaving behind 
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Ablation till on the Gabriola uplands.  It contains particles of all sizes from boulders to clay.  
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ablation till.  Ablation till is a 
very stony, friable, sandy-loam, 
sometimes containing large 
boulders.  It blankets about 
85% of the island, though 
usually only thinly. 

Over the years, some of the 
land has been cleared of rocks; 
some has had the sand washed 
out; some has accumulated 
sand; and most has acquired a 
thin covering of organic, dark-
brown, relatively stone-free soil 
that masks the rubble beneath. 

Erratics 
While stony soil in the garden 
may not be interesting to 
everyone, erratic boulders, 
which are a component of 

Above:  Typical granodioritic erratic on Gabriola. 

Below:  An erratic, partly buried in dark-brown post-glacial 
organic-rich soil is clearly part of the ablation till rather than 
the lodgement till below it. 
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ablation till, often are. 

Erratics have several characteristics that 
make it possible to speculate about where 
they came from.  Before I started these 
studies, whenever I was asked where I 
thought they might have come from, I 
used to wave my arms and say 
something vague like “hundreds of 
miles away—who knows?”, or 
“Desolation Sound, somewhere up 
there”.  Those, as it turns out, are bad 
guesses.  Most of the erratics on the 
island came from places much closer 
than that.  

Erratics resting on the modern surface, 
often in splendid isolation.  Some of 
them are very large, weighing more 
than a hundred tonnes.  On the island, 
they tend to occur in groups, with 
individual boulders within the group 
fairly widely spaced.  The groups don’t 
appear to be confined to any particular 
part of the island, though they are most 
conspicuous on beaches and logged off 
forestry land like the 707 Community Park.4  
                                                           
4 One trail in the park I call the Pleistocene Trail on 
account of the number of erratics you can see along 
it.  N.A. Doe, Trail map of the 707 community park, 

These large erratics often have an 
unweathered look to them, while boulders 
on the beach are sometimes pitted due to 
loss of the mafic minerals. 

Where are they from?  I think we can be 
pretty precise about this.  Most rest on the 
surface of the till so they must have been 
brought to the island during the very late 
stages of the ice movement, and that was 
from the northeast.  If you head N47°E 
from Gabriola, you cross Howe Sound and 
enter the southern part of Garibaldi 
Provincial Park, which is just 120 
kilometres (75 miles) from our island.  
That’s closer than Whistler.  The ice from 
the mainland was very thick, so we are 

looking for mountains more than 2000-
metre high.  There are lots in this part of the 
world.5  And the predominant rock types in 

                                                                                       
<www.nickdoe.ca/pdfs/Webp656.pdf>.  Accessed 
2012 Mar 20. 
5 Mamquam Mtn., Atwell Pk., Snowcap Pk., 
Greenmantle Mtn., Castle Towers Mtn., Mt. 
Davidson, Nivalis Mtn., Darling Pk., Crawford Pk., 
The Tent, Isosceles Pk., Mt. Carr, and others. 

Chip of a granodioritic erratic.  When to hand, shiny 
flakes and pseudo-hexagonal plates of biotite (there’s 
a bluish one upper centre) are visible among stubby, 
duller, black crystals of hornblende.   

Homathko ice field in the Coast Mountains today.  
It looks like places where erratics came from 
must have looked during the ice age. 

http://www.nickdoe.ca/pdfs/Webp656.pdf
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this mountainous area are granodiorite, 
migmatite, and quartz-diorite,6 all three of 
which are commonly what Gabriola erratics 
are. 

Some additional supporting evidence for this 
interpretation is: 
—there are relatively few erratics of this 
type on adjacent Vancouver Island (see table 
below) suggesting they did not come from 
the west or northwest; 
—although granodiorite is a common rock 
on Vancouver Island (Jurassic Island 
Intrusives), in my observations, it always 
has hornblende as its main mafic mineral, 
with only a little or no visible biotite.  
Intrusive rock from the mainland also 
usually has hornblende as its main mafic 
mineral, but has amounts of biotite and its 
weathering product hydrobiotite that vary 
from none to a lot.  Erratics on Gabriola are 
commonly fairly rich in biotite, which points 
to them not being from the east coast of 
Vancouver Island; 
—some unusual boulders in the till on 
Gabriola may have come from Howe Sound 
on the path to Garibaldi Provincial Park. 

I can’t think of anything about these large 
erratics that would suggest that they might 
not have come from the mainland. 

With regard to the Cedar observations 
noted in the table, there are also small areas 
on Gabriola where stony soil appears to be 
derived solely from weathered sandstone 
with no igneous rock contribution.  
Excavations down near the Maples on the 
Northumberland Formation for example 
revealed large boulders of only Nanaimo 
Group sandstone. 

    

                                                           
6 Master Plan for Garibaldi Provincial Park, 
September 1990, p.5. 

  Above:  Migmatite.  A metamorphic rock of very 
varying composition; in this case, amphibolite, 
veins of aplite, and tonalite or granodiorite (or a 
similar intrusive).  Gabriola beach. 

Below:  Quartz-diorite? chip from an erratic.  
Common on Gabriola.  Quartz-diorite is often 
high in mafic (dark) minerals but its defining 
characteristic is low quartz compared to tonalite 
or granodiorite.  Microscopic analysis is required 
to establish its identity for certain.  
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Very large erratic boulders  

  intrusive  sedimentary volcanic & 
metamorphic  smaller 

cobbles 

Gabriola 
(79) 

707CP and 
surrounding 78% 13% 

(sandstone) 9% 

some very 
large and 

fresh 
looking 

volcanics & 
meta- 
readily 

observed 

Cedar (no 
count) day visit only 1 

seen 
almost all 
sandstone none seen 

none as big 
as on 

Gabriola 

mainly 
bedrock, 

only a few 
small 

intrusives 

Harewood 
(22)  5% 9% 

(conglomerate) 
86% 

basaltic 
all relatively 

small 

intrusives 
not 

uncommon 

Large dacite erratic in the 707CP.  Dacite, which essentially is a very-fine grained granodiorite, 
occurs sporadically on Vancouver Island, but is common on the mainland (Garibaldi Gp.).  



Nick Doe Gabriola’s glacial drift—described 

SILT 8-6  File: GD-526 7 
 

Lodgement till 
Another type of till is 
lodgement till.  It is very 
common, especially in the 
east half of the island, but 
it is not often noticed 
because most of it 
remains buried.7  Its 
composition of unsorted 
material from large 
boulders to clay-sized 
particles is the same as 
that of ablation till, but it 
differs in that it is 
extremely hard.   

Lodgement till was 
carried along at the base 
of the glacier and 
plastered onto the 
bedrock where it was 
compacted by the 
enormous weight of the 
ice above it.  The till is so 
hard you cannot break 
into it with a shovel, and 
there are a few places on 
Gabriola where it forms 
the surface of the beach.  
Thousands of years of 
tides and surf have still 
not managed to wear it 
away completely. 

An analysis of the matrix 
gave the following 
results: 
False Narrows, 
lodgement till, #230 sieve 
(0.066 mm—mud) for silt 
and clay. 

                                                           
7  C-horizon of Trincomali soil.  Probably also 
present in Galiano, Mexicana, and Suffolk soil. 

A hard layer of lodgement till protected the shale bedrock from 
being eroded more than it was.  It probably spent most of the ice 
age frozen firmly to the bedrock.  Despite its extreme hardness, 
kingfishers often manage to excavate their nesting cavities several 
feet into it.  The till contains many shale fragments, even at the top 
of the layer, which implies it actually hasn’t travelled very far. 
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Sample 37, ACME VAN09006090: XRD 
showed quartz moderate; albite moderate.  
No clay minerals, no chlorite or 
clinochlore,8 and no mafic minerals. 
This analysis makes a plausible candidate 
for the parent material, pulverized Nanaimo 
Group sandstone after the small percentage 
of mafic minerals it contains has weathered 
away.  

                                                           
8 Clinochlore is a common mineral in the chlorite 
series and is usually known by non-specialists simply 
as chlorite.  It contains a higher ratio of magnesium 
to iron than other chlorites. 

Above:  Lodgement till is almost completely 
impermeable.  Here you can see gley stringers 
where surface water is very slowly making an 
entry via tree roots (that’s one on the left) and 
other lines of weakness (shear planes?).  Where 
water and oxygen succeed in making an entry, 
the fine silt in the till weathers to clay 
(montmorillonite) which is greenish-grey with 
bright orange streaks where the oxygen has 
rusted the iron.* Layers of this gleysol underlie 
all of Gabriola’s wetlands including places like 
the Commons and Coats Marsh, and it’s all 
weathered glacial sludge of one kind or another. 

*  N.A. Doe, The geology of Gabriola Island’s 
diatomaceous earth, SHALE 24, pp.31–36, June 
2010. 
 

Above:  Lodgement till persists on 
the beach in a few places on 
Gabriola.  It leaves a layer of 
pebbles and cobbles which you can 
easily recognize in your yard as 
being remnants of lodgement till by 
the stones having a facet that has 
been ground beautifully flat.  Many of 
the stones on Whalebone and on 
forest trails have this characteristic. 

Below:  Lodgement till above shale 
containing some large boulders of a 
variety of types of rock.  

http://www.nickdoe.ca/pdfs/Webp56c.pdf
http://www.nickdoe.ca/pdfs/Webp56c.pdf
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Grey till 
There is another type of “till” on the 
island—grey till—that when exposed in cliff 
faces resembles lodgement till in that it is 
extremely hard.  It differs however in 
colour—it’s bluish-grey, unless it’s oxidized 
when it turns an olive brown.  This till is 
often described as being marine till because, 
it is said, you don’t find it more than 100 
metres above sea level whereas lodgement 
till is found in patches everywhere including 
in the highlands.  I don’t think this is true.  
You can find grey till above 100 metres, but 
it is always buried, and it is not concreted.  
Grey till does not contain shells or any other 
organic material and it is usually massive 
(no bedding). 

The stone content of the grey till is less than 
lodgement till.  Its matrix is a silty clay loam 
and an X-ray analysis found the following:    

Whalebone beach, grey till, #230 sieve 
(0.066 mm—mud) for silt and clay. 

Sample 38, ACME 
VAN09006090: XRD 
showed quartz 
abundant; albite9 
moderate (with biotite 
and sericite); 
melanovanadite very 
minor (questionable and 
on the basis of a small 
peak at 8.3 Å).  No clay 
minerals. 

As far as I know, there 
are no vanadium-rich 
deposits in Howe 
Sound, but there are 
some vanadium-rich 
sediments around 
Campbell River and 
Quadra Island.10 

The distribution of 
stones and the fineness 
of the matrix suggest 
that the stones in the till 

are dropstones—they have been released 
from the underside of melting ice into silt at 
the bottom of a layer of subglacial meltwater 
or seawater.  Till from icebergs would neatly 
explain the albeit unlikely vanadium 
connection. 

Other clues (confusing facts?) as to the 
origin of the grey till are: 
—it appears to be associated with the C-
horizons of Tolmie and Parksville soils 
which occur on nearly level to very gently 

                                                           
9 The plagioclase was reported as 83% sodium, 16–
17% calcium, so by some definitions this was 
oligoclase rather than albite, though the laboratory 
reported it as albite. 
10 John Lambor, Vanadium-bearing interlava 
sediment from the Campbell River area, British 
Columbia, M.Sc. thesis, UBC, 1957.  
Melanovanadite is a calcium vanadate. 

Grey till at the south end of Mudge.  Similar till is exposed at the east 
end of Whalebone Beach.  It gradually turns olive-brown after 
exposure.  
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sloping topography in depressional areas, 
swales, and drainage ways.11  Although this 
implies the till was deposited by meltwater 
during deglaciation, this process would have 
resulted in sorting of the stones from the silt; 
—stones at the foot of cliffs of grey till are 
smooth, subrounded, but very commonly 
with a flat facet.  This means that they were 
once in lodgement till; 

—some, but not all, of the cobble-sized 
stones embedded in the till have a flat facet 
oriented down, but not always perfectly so.  
                                                           
11 The principal exchangeable cations are Ca2+ rather 
than Na+, so they are not solonzetic.  The IIBC 
horizons of Dashwood and Deerholme soils are also 
indurated to strongly cemented, and have less clay.     

This implies lodgement till.  However, 
studies of the orientation of pebble- and 
cobble-sized dropstones have shown that 
they fall broadside-on presenting the 
greatest surface area normal to the motion,12 
so the evidence is not conclusive; 

—at one site (Whalebone east) contact with 
the shale bedrock can be seen.  The contact 
is sharp.  This corresponds to the till being 
lodgement till, or, if not, the deposition was 
on a clean bedrock shale surface such as the 
intertidal zone of a beach; 

                                                           
12 John Allen,  Sedimentary Structures—their 
Character and Physical Basis, vol.1, pp.183–191, 
Elsevier 1982. 

Larger stones in this hard, grey till look like dropstones—stones that have fallen from the 
underside of an iceberg or ice sheet into a layer of soft silt.  Both the cone and disc stones in the 
picture have the stable orientations for dropping stones of their size.  
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—most grey till has only a thin 
covering of ablation till and soil 
that has developed post-ice-age.  At 
one site (Whalebone east) the 
overlying till was found to be 
composed of local sedimentary rocks and 
volcanic and metamorphic rocks that almost 
certainly from the mainland.  Quite 
unusually, there was little or none of the 
basalt that would have been there if there 
had been a Vancouver Island component; 
—at one site (Mudge southeast end) grey till 
has been formed into what may be a 
drumlin.  If it is, then it was formed by ice 
moving from the northeast during the late 
stages of the glaciation; 
—strongly consolidated muddy sediments 
are usually reckoned to have been covered 
by an overburden of the order of hundreds or 
thousands of metres thick.13 

                                                           
13 Allen, ibid, p.233.   

The simplest explanation for the concrete-
like nature of this till is that some of the 
comminuted feldspar minerals within it have 
weathered to clay minerals and these have 
dried out on exposure.  The till is, I suggest, 
undermelt till.  While it may have been 
deposited mostly in marine conditions, it 
could also have been deposited in subglacial 
meltwater ponds and lakes.  Where the till 
has been kept moist in an anaerobic fairly 
pH neutral environment it fails to concrete, 
as in sites both above and below 100 metres; 
and where it has been weathered in 
oxidizing conditions, and possibly also 
acidic conditions, it has developed into 
gleysol. 

Above:  South end of Midge.  The cliff is 
very compact grey till.  The streamlined 
profile is typical of a drumlin. 

Left:  Drumlin in southern Alberta where 
they come in all sizes.  They are so 
common there; landscapes are described 
as being “drumlinized”. 

If the till on Mudge is a drumlin, then ice 
flow was from right to left (from the NE).  
How drumlins are formed is not clear, but 
in some theories they are molded by 
cavities on the underside of moving ice 
sheets during deglaciation.    
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Pictures of the grey till that can be seen on Gabriola taken at Beach Estates Park in Nanaimo.  
The park is a ravine running northeast and then east down to the sea.  The till here is capped near 
the top of the ravine with glaciofluvial deposits. 

What is unusual about this site, is that it appears to show the grey till at a time when it was at sea 
level.  The till is very hard and mainly coarse silt (φ ≈ 5–4), but within it there are small pockets of 
unconsolidated, well-sorted, fine sand (φ ≈ 3) made up almost entirely of quartz with small 
amounts of rutile, magnetite, and augite or hypersthene (?).  These pockets do not appear to have 
been deposited uniformly, but in the chaotic fashion one might expect from waves on a beach.  If 
this interpretation is correct, then the grey till was at the time not hard as is today, but the soft 
sediment you would expect from undermelt till.  It has survived being at sea level because of its 
sheltered location within the canyon and within Departure Bay.  It there were extensive pack ice 
still around in the strait, it too would have kept the sea fairly calm at the time.  It is evidence, I 
think, that the grey till is not lodgement till as is sometimes supposed, and that its hardness is due 
to diagenesis involving the weathering of minerals in the silt to clay. 

Thanks to Steven Earle of Vancouver Island University for drawing my attention to this interesting site.   

Top right:  A granodiorite boulder, commonly 
seen in all kinds of till, but here mantled with 
loose gritty sand (trowel bottom right). 

Below right:  Wavy laminations in the till 
about 30 m AMSL.  These are often created 
and left behind at the high-water mark on 
beaches by storms. 

Top left:  Vertical cliff face of grey till in 
Beach Estates Park, Nanaimo about 10 m 
AMSL.  The till is very to extremely hard, 
similar to that seen on Gabriola. 

Below left:  Curious vertically-inclined pocket 
of loose sand within the hard till.  The path of 
the dropstones?  
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 I’ve seen some support for this hypothesis 
in Beach Estates Park in Nanaimo about 
10 m above sea level where this very hard 
till contains small pockets of loose well-
sorted fine sand that is not well-bedded.   

The undulating laminations in the matrix, 
possibly caused by waves, suggest a 
tidewater environment, and so the sand may 
have been left by storms.  Certainly one or 
two of the boulders in the till show tiny 
accompanying deposits of gravelly sand that 
indicate that they are dropstones. 

Glaciofluvial sediments 
At the end of the ice age, glacial drift was 
sorted by rivers of meltwater, which during 

deglaciation were abundant.  Drift sorted in 
this way became gravel beds, sandbanks, 
and so on, like the sediments of modern 
rivers and creeks.  These are glaciofluvial 
sediments. 
Much of the stony soil on Gabriola that is 
not unsorted ablation till has been re-worked 
by meltwater.  To find substantial 
glaciofluvial deposits, you just have to look 
for a sand and gravel pit.14  Rivers are good 
at moving sand.  Stones are too heavy, and 
silty-clay sticks to the bottom—poke a stick 
into a crystal-clear trickle in the forest and 
you’ll disturb lots of silty-clay.  Patches of 
meltwater river sand are commonly found 
during excavation projects on Gabriola.   
                                                           
14 Qualicum type soils, particularly Beddis soil. 

Sand deposit in the Somerset Pit.  Although the tilted beds may indicate the sand was laid down 
while the island was still isostatically depressed, the dip direction (down to the NE) is not 
consistent with this idea.  That it is the alluvial fan of a meltwater river is more likely.  The rhythmic 
bedding (glacial varve) might be due to seasonal melting and deposition.  
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Above:  sand deposited by a river of meltwater.  This site is about 110 m AMSL which is close to 
the sea level around Gabriola when it first became ice-free.  No marine deposits have been found 
here. Note the overlay of stony till.  There are several reasons why this might be there.  The 
meltwater flow could have been below stagnant till-rich ice; the till might be from higher ground 
and debris became unstable when the ice there finally vanished; or stony slopes on the sides of 
the flood channel might have collapsed. 
Below left:  loam over shale.  The trench is 25 m AMSL so was a beach at one time.  The lower 
horizon is silty clay (mostly orange with patches of blue further up the slope, no shells) covered 
with a sandier loam, possibly from freshwater flooding.  There are relatively few stones, ablation 
till presumably having been rafted away on the ice to sea. 
Below right:  Three large sandstone boulders found in the lower layer of the same trench are likely 
from the 100-m high False Narrows Bluffs about 500 m to the NE where such boulders, glacially 
weathered exactly the same way, are common.  Perhaps remnants of a debris torrent. 
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Top left:  Gravel layers in silty-
sand on a meltwater alluvial fan.  
Hub City Pit, Cassidy. 

Top right: Pebble layers in silty-
sand.  Somerset Pit, Gabriola. 

Middle:  Cobbles topping almost 
stone-free silty-sand, Cassidy.  
Note the undulating contact 
indicating the strength of the 
meltwater flow.  An ice dam 
collapse? or abrupt rise in 
temperature in the Kennedy 
Lakes area? 

Bottom right:  Cobbles and 
pebbles topping stone-free silty-
sand.  Tait Road Pit, Gabriola. 
Cassidy pictures on GEOL-305 field trip 
with Steven Earle of Vancouver Island 
University, Fall 2012 
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Glaciolacustrine sediments 
Where there were rivers of meltwater, 
there would also have been lakes, many of 
them formed by ice dams that eventually 
wasted away and released the water they 
were holding back.  Glaciolacustrine 
sediments are usually well sorted and fine 
grained, and they contain the occasional 
ice-rafted drop stones—stones that were 
carried out onto the lake in an iceberg and 
subsequently dropped when the iceberg 
melted.  Drop stones are found in the clays 
underlying the Commons land, Coats 
Marsh, and pretty anywhere on Gabriola 
that is now a wetland. 

   

A small lens of gravel in otherwise almost stone-
free sand.  Most probably rain-out from a melting 
iceberg on an ephemeral ice-dammed lake of 
meltwater.  About 110m AMSL in the Lockwood 
Drive pit.  

An iceberg melting scene 75 m AMSL, not on Gabriola but in the Hub City Paving pit just across the 
water in Cassidy.  An iceberg grounded, and as the lake level fell, its weight bore down 
increasingly heavily on the underlying fine sediments.  In the final stages of the melt, a shower of 
mixed-size dropstones formed a thin lens in the sand—here being closely examined. 

GEOL-305 course with Steve Earle of Vancouver Island University, Fall 2012   
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Glaciomarine sediments 
At the end of the ice age, sea level was 107 
metres higher than it is today.15  Marine 
deposits exist on Gabriola that are now 
about 100 metres above sea level,16 so the 
Strait of Georgia must have become ice-free 
immediately before the sea began to retreat.  
                                                           
15 Actually to be more accurate, we should say sea 
level relative to land level was 107 metres higher 
what it is today.  Global (eustatic) sea level at the 
peak of the ice age was 125 metres lower than today 
because so much water was locked up in ice.  This 
was not apparent locally because the land was 
depressed even further into the Earth’s upper mantle 
by the weight of the continental ice sheets. 
16 Steve Earle, Ups and downs of Gabriola—sea level 
changes, SHALE 5, pp.14–20, December 2002. 

It’s thanks to high sea levels that the soil of 
some parts of Gabriola are almost stone 
free,17 the ablation till in these areas 
presumably having been rafted away on ice 
flows.18 

Glaciomarine sediments are of two types; —
those that formed as sea-bottom mud either 
as a result of under-melting of floating ice, 
or as normal sediment settling from an open 
                                                           
17 Brigantine, Parksville, Tolmie, Cowichan, and 
Fairbridge.  Chemainus and Metchosin soils are 
modern alluvial and organic soils. 
18 Less likely is that they were removed by tides and 
waves.  Seas full of pack ice and icebergs tend to 
remain calm in all weather conditions.  Stones may 
also have been swept away in places by torrents of 
meltwater.   

Blue silty-clay and clayey-silt marine till now about 100 m AMSL (that’s a pond, not the sea) at the 
top of Tait Road.  My guess is that the blue colour, also seen in unweathered Gabriola Fm. 
sandstone (feldspathic wacke) and familiar to well drillers as blue-clay, is due to reduced iron 
(Fe2+) in biotite and hornblende.  The blue turns bright orange near the top, probably due to 
oxidation of iron to lepidocrocite, which usually re-crystallizes as goethite, which is dark brown and 
ubiquitous in soils.  The upper layer of the blue till contains sea shells.  

http://www.nickdoe.ca/pdfs/Webp263c.pdf
http://www.nickdoe.ca/pdfs/Webp263c.pdf
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sea heavily laden with 
glacial silt; or 
—those that are former 
beaches. 

The former tend to be silt 
and clay, sometimes with 
dropstones, and the well-
sorted beach deposits are 
sandier and contain sea 
shells.19 

An X-ray analysis of dark 
bluish-grey silty-sand 
containing sea shells found 
the following:    

Somerset Pit (upper, NW 
side), marine till with shells, 
#230 sieve (0.066 mm—
mud) for silt and clay. 

Sample 31, TeckCominco 
V08-0790R: XRD showed 
quartz abundant; andesine 20 
moderate; hornblende minor; 
mica (muscovite or 
phlogopite 21) minor; 
kaolinite very minor;22 
calcite trace.  

                                                           
19 Easily distinguished from Indian middens by 
including shells of shellfish far too small to eat. 
20 Andesine is a plagioclase Na/Ca feldspar with 50–
70% sodium.  It is commonly reported as being the 
dominant form of plagioclase in analyses of intrusive 
rocks from both the Coast Mountains and Vancouver 
Island.  Andesine is frequently altered to another 
common feldspar albite (100% sodium) in 
metamorphic processes.  
21 Phlogopite is a magnesium-rich biotite.  It is a 
form of biotite that is common everywhere on the 
northwest coast. 
22 Kaolinite is the clay mineral that is present in 
upper-Nanaimo Group sedimentary rocks that likely 
were sourced from the Coast Mountains.   

The clay-rich soil that underlies wetlands on Gabriola is mostly 
glaciomarine till in which former fine silt and clay-sized particles 
have been chemically weathered in acidic conditions to clay 
minerals, mostly montmorillonite.  The iron it contains has been 
reduced by microbes that use it as an oxidant in the anaerobic 
conditions below the watertable (2Fe3++2e–⇒2Fe2+ instead of 
O+2e–⇒O2–).  The orange mottles that are always present are 
where oxygenated water has seeped in via plant roots and 
created, or re-created, lepidocrocite (γ-FeO.OH).  Gleysols like 
these (from the Commons) often contain dropstones.   

Right:  Typical glaciofluvial gravel.  Note the 
angularity of the pebbles; they weren’t in a 
creek for very long.  Somerset Pit, Gabriola.    
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Above:  A former seabed in the Somerset Pit (upper), now about 45 m AMSL.  Several of the shells 
can be identified as being of species now living in arctic waters.  The pH is high. 

Below left:  seashell from the Somerset Pit, Clinocardium nuttallii.  Below right: a modern shell of 
the same species.  The shell-upon-shell appearance of the fossil shell is due to a much larger 
winter-summer temperature differential than exists today. 
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Cobbles 
Many glacial tills contain beautifully 
rounded cobbles.  The question is: were they 
rounded by the surf on a beach; by the ice; 
or were they rounded before the ice picked 
them up? 

My vote goes to the last of these three 
options as explained in the captions to the 
photographs.  ◊ 

Cobbles on Whalebone beach.  These lovely rounded stones are different kinds of volcanic, 
metamorphic, intrusive, and sedimentary rocks.  If you’re interested in rocks and minerals, there’s 
no need to stick to boring old sandstone and shale on Gabriola. 

These were once lodgement till (note many have one flat face) and are what’s left after the sea 
has eroded the cliffs at the back of the beach over the last 10,000 years or so.  While they might 
have been rounded in the surf, this seems unlikely.  Because of the tides, their exposure to heavy 
waves is brief even when there are some. 
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Top:  Many 
cobbles in till 
more than 
100 m AMSL 
are also 
rounded, so 
it’s not 
necessarily the 
sea that does 
it. 

Below:  
Cobbles in 
Englishman 
River, 
Vancouver 
Island.  
Studies have 
shown that for 
some obscure 
reason 
tumbling rocks 
in freshwater 
polishes them 
quicker than 
does tumbling 
them in the 
sea.* 

It’s worth 
remembering 
that the 
Olympic non-
glacial interval 
lasted 35,000 
years from 60 
to 25,000 
years BP.  The 
glaciers of the 
last ice age 
thus had a lot 
more 
unconsolidated 
material to 
work with than 
they would if 
they were to 
start now. 
* George E. Biglow, 
Laboratory study of 
the role of seawater 
in basalt pebble 
abrasion, Journal of 
Coastal Research, 4, 
1, pp.103–113, 
Winter 1988.  
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