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Ice-age fossil sites on Gabriola 
 Nick Doe with notes by C.S.(Rufus) Churcher  

Sites on the island that may, or are known 
to, harbour ice-age fossils are:1 
1. McGuffies Swamp; (plants) 
2. Randy Hollow; (plants) 
3 Stoneyridge/Lockwood Drive Pit;  (?) 
4. Tait Road Pond (Simrose’s Pit); (shells) 
5. Coats Marsh; (plants)  
6. Peter Bells Borrow Pit; (shells) 
7. Ministry of Transport and Infrastructure 

(MoTI) Pit; (shells) 
8.  Commons area; (plants) 
9. The Commons Land; (plants) 
10. (Mike) Evans Pond; (shells) 

                                                           
1 These sites are on private property or on 
government property with restricted access, and are 
unlikely to be of interest to fossil collectors. 

11. (Gordon) McDonalds Pond; (shells) 
12. Somerset Pit (Boulton’s Pit); (shells) 
13. Chapple Creek; (plants) 
14. Wharf Road Borrow Pit (shells?). 

Estimates of the date at which the sites were 
at sea level have been made using data from 
Gabriola’s glacial drift—an icecap? 

Some of these sites and a few other ice-age 
sites are also described in: 
 Gabriola’s glacial drift—kinds of glacial 
drift on Gabriola ; however, some comments 
in this article are not as up-to-date as those 
in this one.  

  

http://www.nickdoe.ca/pdfs/Webp530.pdf
http://www.nickdoe.ca/pdfs/Webp526.pdf
http://www.nickdoe.ca/pdfs/Webp526.pdf
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1.  McGuffies 
Swamp 
Google Earth 
elevation:  162 m 
49°08.79′N, 
123°47.31′W no dip 
Sea level date: never 
A hollow in Gabriola 
Formation sandstone.  
The soil below this 
swamp is reportedly in 
excess of 6 m deep with 
diatomaceous earth, 3.6 
m down.  The pH of the 
water at 8.4 is high, 
which, but for the high 
elevation of the swamp, 
would raise the 
possibility of there 
being a shell-rich 
marine layer at the 
bottom.  Further 
investigation is needed. 

Note added September 
2, 2013. 

Google Earth elevation:  163 m 
49°08.805′N, 123°47.273′W 

A core was drilled 14-15 ft. (4.3–4.6 m) into 
the swamp.  The first 9 ft. (2.7 m) was black, 
organic well-decomposed sludge (gyttja) 
containing some reeds and occasional twigs, 
much like the surface material.  From 9–14 
ft. (2.7–4.3 m) the soil was drier, browner, 
with a mossy texture (sphagnum).  Seeds 
appeared to be abundant. 

At 14 ft., the brown colour turned more 
greenish, and shortly after bluish-grey silty 
clay was encountered containing no organic 
material.  Initially stone-free but becoming 
gritty, and coarsening rapidly with depth.  
Grit from the clay was angular and some 
particles were clearly striated.  Bedrock was 

not reached.  There was no trace of a marine 
layer or of diatomaceous earth.  The 
measured pH was 6.5. 

A dump of augered material from McGuffies Swamp.  The brown 
material is lightly-rotted moss, presumably dating from the warm, dry, 
early- to mid-Holocene.  Below that is mid-Holocene to present gyttja 
from a time when the climate was, as now, distinctly wetter.  The 
“stony-soil” auger (top left) was used to break through some well-
rotted woody material very high in the column.  Most of the core was 
drilled with a “sandy-soil” auger (top right), but for the final stage a 
“sludge sampler” was used to minimize contamination. 
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A second hole was drilled to take 
samples suitable for radiocarbon 
dating.  See Appendix 6 for details.      

Plant material from the surface of the 
clay had a conventional radiocarbon 
age of 11640 ±50 14C BP, equivalent to 
a calendar date of 11533 BC. 

Site interpretation 
This is the highest site on the island 
that has been investigated.  It appears 
to have been a glacial lagoon with little 
or no turbulent inflow of meltwater. 

It was above sea level at the end of the 
Pleistocene, and since Quadra sediment 
mainly occurs at elevations below 
100 m on islands within the strait, it 
was probably above the pre-Vashon-
Stade flood plain and tidal flats. 

The absence of till (assuming there is 
none below the auger hole) could be the 
result of a lack of pre-glacial deposits in the 
area; the scraping down to bedrock by a 
glacier composed of clean ice; the swamp 
being beneath a moulin or subglacial portal 
that cleaned out the till with high-pressure 
meltwater; or the rafting away of till-laden 
ice on a lake. 

The nature of the bluish-grey silty-clay with 
occasional pea-sized drop stones was very 
similar to deposits seen elsewhere at a lower 
elevation.  It appears to be undermelt till 
from floating ice containing a basal layer 
rich in glacial flour.  That it occurs at this 
site is evidence that it is very difficult, in 
that absence of fossils, to distinguish 
glaciolacustrine deposits from glaciomarine 
deposits in water where tidal current and 
wave action are not significant factors.2  

                                                           
2   It is also presumably possible for glaciolacustrine-
like deposits to be made by marine ice barely floating 
above bedrock in situations where the meltwater flow 
is so high that it keeps the sea at bay. 

The date of the recovered plant material is 
very close to that of the late Cassidulina 
reniforme benthic foraminifer biofacies 
(11700 ±80 14C BP) 3 identified in a study of 
foraminifer, diatom, and dinocyst 
populations in cores in the floor of the Strait 
of Georgia.  The authors of this study 
remark that: 

“…the increase in dinocyst diversity and 
numbers and the considerable increase in 
pollen grain numbers in the late C. reniforme 
subfacies indicate a change from a 
glaciomarine setting to warmer conditions… 
The pollen results imply the development of 
vegetation on the lands surrounding the Strait 
of Georgia and thus point in the direction of 
improved climate and glacier retreat.” 

From this we can conclude there was 
nothing remarkable about the timing of the 
first appearance of vegetation in the post-
glacial landscape at this site. 
                                                           
3 Guilbault J.P. et al., Paleoenvironments of the Strait 
of Georgia, Briitish Columbia, during the last 
deglaciation: microfaunal and microfloral evidence, 
Quaternary Science Reviews 22, pp.839–857, 2003. 

Sample (plant remains) after pretreatment in 
preparation for radiocarbon dating taken from 
McGuffies Swamp immediately above the glacial clay 
layer. 
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2. Randy Hollow4 
Google Earth 
elevation:  130 m 
49°09.74′N, 123°48.50′W 
dip SW 
Sea level date: never 
A hollow in Gabriola 
Formation sandstone.  
Seasonal wetland in the 
707CP on Gabriola, 
interesting because, like 
Site 1, it is above the late-
Pleistocene sea level. 

Flooded in winter.  
Vegetation tall (2m) canary 
grass reeds (Phalaris 
arundinacea), rushes (Juncus effusus), 
sedges (Scirpus americanus), and mint 
(Mentha arvensis).  Summer surface soil 
condition: dry, no surface moisture 
anywhere. 

An auger hole gave the following results: 
0-60 mm roots 
60-400 mm mainly coarse and very-

coarse sand, no stones 
rich-brown near surface, 
becoming progressively 
lighter and sandier in colour 
with depth 

400-1040 mm montmorillonite gleysol, 
greenish yellow with orange 
oxidation streaks (see   
photograph).  Turns white on 
drying. 

1040 mm bedrock, sandstone. 
 
The 600-mm clay horizon had no peat or 
diatomaceous earth interlayers, but there 
were occasional drop stones. 

                                                           
4 In the 707 Community Park.  See 
http://www.nickdoe.ca/pdfs/Web661.pdf  

Although the clay was cool and moist, there 
was no free water at any depth. 

Site interpretation 
The smectite clay (montmorillonite) is 
probably the result of weathering of the 
same type of “glacial flour” undermelt till 
seen at Site 1.5  It is a weathering product of 
feldspars in acidic conditions.6  It occurs at 
several other sites below the late-Pleistocene 
sea level, Site 9 for example.  

The origin of the sandy layer is uncertain 
without a date.  It could have been laid down 
at any time at the start of, or during, the 
Holocene—there is a slight seasonal flow 
through of water during the winter. 

As at Site 1, there appears to be little 
supraglacial or lodgement till present.  I 
suspect, but cannot prove, the till was rafted 
away with ice on a meltwater lake that was 
much more extensive than it is today.  

                                                           
5 Glacial flour contains comminuted minerals, mainly 
quartz and feldspar, but very little clay mineral; 
however, clay-sized particles of feldspar and biotite 
weather to clay minerals, particularly 
montmorillonite when magnesium is present.  
6 http://www.nickdoe.ca/pdfs/Webp54c.pdf 

http://www.nickdoe.ca/pdfs/Web661.pdf
http://www.nickdoe.ca/pdfs/Webp54c.pdf
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3.  Stoneyridge Pit 
Google Earth elevation:  110 m 
49°08.59′N, 123°47.40′W dip S 
Sea level date: probably never 
The site is on a terrace likely existing as a 
result of erosion of Spray Formation 
mudrock.  Below the site are steep slopes of 
erosion-resistant, clast-supported 
conglomerate and sandstone of the Geoffrey 
Formation, and above it, steep slopes of 
sandstone of the Gabriola Formation.  

The site is interesting if only because no 
marine layer has been found, which together 
with observations at Tait Road Pond, Site 4, 
puts the sea level highstand on Gabriola at 
between 104 and 110 m AMSL. 

A thick sand deposit at this site has an 
occasional dropstone and gravel-filled lens, 
and is capped by a layer of till.  The till 
contains some well-rounded sandstone 
boulders (concretions) that have been 
severely eroded by subglacial meltwater as 
evidenced by their iron-manganese coatings.  
Most of the till 
however is 
igneous boulders 
and cobbles, also 
well-rounded, 
and similar to 
those found on 
Whalebone 
beach. 

There are pieces 
of fossil wood 
lying around in 
the pit, but they 
are mainly roots 
and none have 
been found that 
can linked to a 
specific 
stratigraphic 
layer. 

Site interpretation 
The thick sand deposit raises the possibility 
that its parent is Quadra sediment, which 

Sandstone boulders in the overlying till that 
have been heavily weathered by anaerobic 
subglacial meltwater. 

Excavated almost stone-free sand in the Stoneyridge Pit. 
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would mean that the Quadra sediment 
elevation was slightly higher than the sea 
level highstand.  Although the till 
above the layer suggests the sand is 
undisturbed Quadra Sand, I suspect 
not because a similar deposit at Site 12 
is without doubt post-Vashon Stade.  

Unfortunately, extensive working in 
this pit has masked some of the 
stratigraphy.  There is no extensive 
exposure of the contact between the 
sand and bedrock. 

The till layer above the sand is likely 
ablation till, and if so, the sand itself 
would have been deposited 
subglacially. 

 

Above:  Another view of glaciofluvial sand deposits at Stoneyridge Pit.  Although almost stone-
free, there are lenses of gravelly sand within it, likely remnants of blocks of ice in the meltwater. 
Below: The boulders and cobbles in till that overlays the sand unit.  In places, this till is covered by 
a thin layer of relatively modern, dark-brown, almost stone-free, organic-rich alluvium. 
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4.  Tait Road Pond 
Surface elevation:  104 m 
49°09.125′N, 123°46.78′W dip N 
Sea level date: 12120 BC 
Tait Road Pond was a small pit, but it has 
now been largely filled in and the residual 
pond is used for irrigation and landscaping 
of a vegetable garden.7 

The site lies in a very shallow U-shaped 
valley that is part of the Upper Jenkins 
Creek drainage from the high ground to the 
south down to the flats of the Turkey Shoot 
Road Swamp to the north.  The high ground

                                                           
7 There is a picture in Gabriola’s glacial drift—
described.  The gardener is Simon. 

is Gabriola Formation sandstone, and the 
flats below are on Spray Formation shale. 

Rufus Churcher’s notes on the site read: 
“A shallow excavation made by Thor 
Simrose Contracting on the south side of 
Tait Road [at the corner with Ferne Road] to 
improve drainage and create a small pond 
revealed sands and minor gravels, some of 
which contained mollusc fossils similar to 
those found in Boultons’ Pit.” 

The elevation of this site is about the same 
as that of a site in Nanaimo8 where marine 
fossils have also been found, confirming that 

the sea level 
highstand in this 
area was (at 
least) 100 metres 
AMSL. 

The striking 
feature of the 
stratigraphic 
profile of the pit 
was a very 
orange vertically 
streaked and 
horizontally 
banded silty-
sand unit over a 
blue unit, which 
was similarly a 
silty fine-sand 
with minor 
clay.9  The 
orangey unit, 
which was 
practically 

                                                           
8 Dufferin Crescent, 49° 10.99´N, 123° 58.63´W, 
Google Earth elev. 98 m.  
9 Under the microscope, clasts had the same grain 
size (fine sand) and angularity (angular).  The blue 
unit sample had more silt-sized particles, while the 
orange sample appeared very well sorted sand.  
Differences in mineralogy, if any, were hard to see—
most clasts were quartz. 

Heavily oxidized silty-sand gleysol over blue silty-sand at the Tait Road Pond.  
Bands of orange near the contact are wavy.  The contact between the two 
units is 98 m AMSL.  Note stony till capping the sandy units. 

http://www.nickdoe.ca/pdfs/Webp526.pdf
http://www.nickdoe.ca/pdfs/Webp526.pdf
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stone-free, was overlain with a thin band of 
rather pale sandy soil containing a 
concentration of rounded cobble-sized 
gravel; and above that was the usually dark- 
brown root zone, which was less than a 
metre thick.  The total depth of the deposit 
to bedrock is not known, but is more than 9 
metres.  

There is little doubt in my mind that the 
orange coloration is due to the presence of 
lepidocrocite (γ-FeOOH). 

Some pertinent notes on this mineral are as 
follows:10 

Lepidocrocite has a characteristic bright 
orange color that is evident in soils where it 
occurs in large concentrations and is not 
masked by other pigments.  It commonly 
occurs in association with goethite and 
usually in soils that have restricted drainage. 

It forms from the oxidation of Fe2+ 
compounds, which are common in wet soils. 
High partial pressure of CO2 appears to favor 
goethite formation in preference to 
lepidocrocite.  This has been demonstrated in 
laboratory experiments and is supported by 
field observations that show its virtual 
absence in calcareous soils, and preferential 
formation of goethite adjacent to roots and 
lepidocrocite concentrated further away in 
wet soils. 

Lepidocrocite formation also appears to be 
favored by slow oxidation rates and small 
concentrations of aluminium in the soil 
solution.  Lepidocrocite is rarely found in 
very acid soils, which typically contain 
aluminium in the soil solution. 

                                                           
10 Kevin McSweeney and Sabine Grunwald, Soil 
morphology, classification, and mapping, Dept. of 
Soil Science, University of Wisconsin-Madison.  The 
notes are (Jul. 2013) posted on 
http://www.soils.wisc.edu/courses/SS325/soilscience
325.html. 
 

Site interpretation 
The similarity in the nature, apart from 
colour, of the two units at this site poses a 
question.  Were they laid down as one unit 
and have since been modified by weathering 
by groundwater percolating down from 
above?  Horizontal bands might be the result 
of accumulation of clay within bedding 
planes limiting downward permeability.  Or 

Top:  Sample bucket from Tait Road.  The 
fossil wood looked dateable, but wasn’t 
dated (lack of funds & insufficiently precise 
stratigraphic location). 

Below: The same shell as shown in the top 
picture.  Macoma sp.? 32mm.  
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were they laid down in two phases, albeit 
using the same, or very similar, source 
material? 

The fact that lepidocrocite does not form in 
calcareous soils might be an observation 
supporting the one unit hypothesis—it is 
only there because there are no shells in the 
upper portion.  However, this leaves open 
the question as to why there are no shells in 
the upper portion.  The two unit hypothesis 
could explain this as being the result of the 
downwash of glacial sand from higher areas 
covering an area previously kept clean by 
tidal and wave action, but being abandoned 
when the sea level dropped.  On the whole, I 
am more comfortable with this latter 
explanation, though the similarity in the 
texture of the two units is remarkable. 

If the parent material of the sand was 
Quadra Sand, its presence here above the 
level of the marine deposits would confirm 
that, as at Site 3, the the Quadra Sand 
elevation was slightly higher than the sea 
level highstand. 

The stony till might be late-deglaciation 
outwash.  If it indicates that the sand was 
deposited subglacially, it creates a bit of a 
puzzle as to why the marine layer beneath it 
appears to have been ice free.  
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5.  Coats Marsh 
Google Earth elevation:  100 m 
49°09.10′N, 123°48.70′W dip W 
Sea level date: ca 11970 BC? 
This is a disturbed site at the surface—it was 
once drained and used for farming—but 
several exploratory auger-drill holes of the 
underlying soil were made in 2009-10 on the 
south side of the marsh.  No marine fossils 
were observed, but the gleysol does contain 
potentially dateable plant material.  Field 
notes are: 

Hole 1:  Aug 6, 2009.  Left side of Stanley 
Road entrance.  0–5 cm roots; @13 cm 
bluish very heavy clay, no orange; @28 cm 
stones; brick fragment & wire; hole 
abandoned.   

Hole 2:  Aug 6, 2009.  East of Stanley Road 
entrance.  0–10 cm roots; @86 cm gleysol, 
varied texture, organic fragments frequent, 
angular chips of granodiorite, some 
completely weathered; @91 cm bluish sand 
with no oxidation, mica [? quartz] abundant; 
@– cm bedrock. 

Hole 3:  Aug 21, 2009.  West side.  0–1 cm 
soil; gleysol with orange streaks; @13 cm 
bluish gritty clay; @46 cm watertable, 
volcanic stone [dropstone?] with facet; clay 
orange, sandy near the bottom; @56 cm 
bedrock. 

Hole 4:  Sept 23, 2009.  East of Stanley Road 
entrance.  0–25 cm black clay loam; light-
coloured gleysol with gritty texture, 1 
dropstone; @81 cm bedrock.  No bluish 
sediment. 

Hole 5:  April 4, 2010.  East of Stanley Road 
entrance.  very wet, down 84 cm in gleysol;  
bit gritty right at the bottom; two small 
dropstones on the way down; no sign of 
marine fossils. 

Hole 6:  May 8, 2010.  West side.  Silty clay 
loam becoming silty clay and then clay at 
depth; abundant organic fragments; 
dropstones, well-weathered granodiorite 

(angular but with smooth edges) with quartz 
surface, decayed sandstone; darker, 
orange/brown sand near bottom, quartz 
abundant [Beddis-style soil]; @132 cm 
bottom or large rock. 

Site interpretation 
The site appears to be a glacial lagoon with 
undermelt till as seen at other sites.  It was 
not inundated with glaciofluvial deposits 
during deglaciation.  Although below the 
late-Pleistocene sea level high, there is no 
obvious indication that this is a marine site, 
which leaves open the possibility that it was 
still iced up after the sea had left. 

   

Gleysol from the marsh with oxidation.  This 
is common at several sites both above and 
below the ancient sea level.  The blue silty 
sand is from below the gleysol.  It contained 
no marine fossils, but these might have been 
destroyed by acidic water from the marsh 
(see Appendix 8).   
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6.  Peter Bells Borrow Pit 
Surface elevation:  85 m 
49°08.87′N, 123°49.14′W dip SW 
Sea level date: 11910 BC 
Little is known about this site, but Rufus 
Churcher notes: 
“During upgrading and construction of 
South Road, the late Peter Bell, who was 
operating a front-end loader and obtaining 
gravel for the roadbed, noticed some 
mollusc shells containing sand at a depth of 
6-8 ft. [1.8–2.4 m].” 

Peter retained one specimen which he had 
carefully boxed and proudly showed, but it 
was never investigated further.  The pit, 
which was not much more than a trench, 
was likely less than 10 ft. deep, and has, 
over the years, been backfilled by road 
maintenance crews. 

The pit site is backed by a high bluff to the 
northeast and overlooks the Hoggan Lake 
flood plain, 65 m AMSL, to the southwest.  
The bluff is Gabriola Formation sandstone 
and the flood plain below is on Spray 
Formation shale. 
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7.  MoTI Pit (Degnen #83) 
Surface elevation:  78–92 m 
49°08.27′N, 123°44.99′W dip S 
Sea level date: 11890 BC 
The site lies in a shallow valley that drains 
southward from Stoney Ridge and the same 
general area at the top of Lackhaven Drive 
as that of Site 1.  It continues below South 
Road as a gulley leading to the sea.  It is 
situated on the same fault line as the 
Somerset Pit.  The ridge is Geoffrey 
Formation conglomerate with some 
sandstone. 

Extraction of sand and gravel from the site 
has virtually ceased and it is now mainly 
used by road maintenance crews as as a 
storage area for fill, and as a disposal area 
for windfall and road-kill. 
At the top (north) end, the excavation is 
about 70 m wide.  The site is very disturbed, 
but appears to be  a glacial outwash with 
mostly poorly sorted alluvial deposits of 
medium sand, gravelly sand, and gravel.  
These facies show only modest lateral 
continuity. 

Strata, where seen, dip towards the 
southwest at angles varying from almost 30° 
at the northern rim, to 10° part way down, 
levelling out to 5° or less in the central area. 

At the top, the till is mainly coarse 
fragments in silt loam about 4.7 m thick 
over sandstone bedrock.  The coarse 
fragments include sandstone, commonly 
with glacial “brown-stuff” weathering.11  

At the western edge of the upper almost flat 
area, there is a stratum of what appears to be 
undisturbed till (lodgement?) containing 
stones with downward-facing facets.  These 

                                                           
11 Iron and manganese oxides.  See Doe, N., Brown 
stuff weathering and manganese in your drinking 
water, SHALE 14, pp.15– 17, September 2006.  

facets are sometimes striated, and when they 
are, the orientation of the striae is fairly 
consistently the same, suggesting ice 
movement over the site from the 
northwest.12 

                                                           
12 These aspects are discussed further in Gabriola’s 
glacial drift—striae and grooves.  

Silty clay or silty clay loam “grey till” with 
dropstones at the start of the road up to Site 
7.  There are minor signs of bedding.  This 
undermelt till dropped into the sea, into a 
glacial lagoon, or into a freshwater pool 
under grounded ice, and is common around 
Gabriola.  It has varying degrees of 
concretion according to the dryness and 
concentration of the clay.  In places on 
Gabriola, it has weathered and matured to an 
olive-brown gleysol.  Some deeply 
weathered variants are known as gumbotil.   

http://www.nickdoe.ca/pdfs/Webp287c.pdf
http://www.nickdoe.ca/pdfs/Webp287c.pdf
http://www.nickdoe.ca/pdfs/Webp287c.pdf
http://www.nickdoe.ca/pdfs/Webp522.pdf
http://www.nickdoe.ca/pdfs/Webp522.pdf
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The marine layer is at the bottom, south-end, 
of the site in three small ponds called 
Farrow Spring.13  These are only rarely dry.  
Fossils, mainly shells but also wood, from 
this layer have not been recently observed, 
but their abundance was remarked upon by 
the excavators when it was dug out years 
ago.14 
An auger-hole in the floor of the small pit on 
the east side, next to the entrance road, 
showed: 

Aug 29, 2008.  0–5 cm black loam; gleysol, 
some stones near the surface; @30 cm brown 
sand; @1.4 m dark bluish clay, (Munsell 

                                                           
13 They merge when the watertable is high. 
14 Information from Ron Ewing. 

Gley2 4/1 5B).  Clay reacts to cold dilute 
HCl.  1 mm shard, appears to be ivory 
[white, no reaction to HCl even when warm, 
far too soft to be quartz or feldspar] 

This, presumably marine, layer was an 
estimated 80 m AMSL. 
An auger hole below the site next to South 
Road, roughly 73 m AMSL, showed only 
stony coarse sand and well weathered 
gravel.  However, there is a 
glaciomarine/glaciolacustrine? deposit of 
compacted grey silty clay with dropstones 
near the junction of the road to the pit and 
South Road at an elevation of 83 m AMSL.  
No fossils have been seen in this exposure. 
       

The top (north) rim of the pit.  The stones are a mix of volcanics, biotite-rich intrusives suggesting 
a mainland rather than Vancouver Island source, and glacially-weathered sandstone.  
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Site interpretation 
This is a tricky site to interpret.  It appears to 
be a gulley in which glacial deposits were 

well preserved, much as at Site 12.  The 
walls of the gulley might have been defined 
as much by unmelted walls of ice as by the 

underlying topography.  
This would explain the 
presence of lodgement 
till on the edges of the 
main channel at the 
upper level, and the 
large deposit of 
undermelt till (grey till) 
at about the level of the 
beach or the floor of a 
shallow, but open bay. 
The sand (now mostly 
extracted) appears to 
have been glaciofluvial 
outwash from above, 
and as at other sites, it 
appears to have been 
deposited sometime 

The middle area of the pit looking SW.  This is where most of the sand below the stony till was 
excavated.  The marine area lies further down beyond the conifer trees on the left.  

A remnant patch of stone-free sand below the stony layer.  When dry, 
the sand has a light colour (Munsell 2.5Y 6/3) similar to Quadra 
sediments.  
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after the sea had left.  Unfortunately, no 
dateable material was found, which leaves 
open the question as to whether the flow of 
glaciofluvial, possibly Quadra sediment 
material, happened at all sites at the same 
time as a result of some massive climate 
change, or whether it happened at different 
times at the sites as a result of the collapse 
of ice supported sediment and ice-dammed 
lakes, and perhaps also the withdrawal of the 
sea.   
 

The lower level of the pit.  The shell-rich marine layer of bluish silty 
clay lies about 1.5 m below the water level.  According to some old-
timers’ reports there may also be bones down there. 
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8. Good Earth15 periphery 
Google Earth elevation:  76 m 
49°10.23′N, 123°50.68′W dip SE 
Sea level date: ca 11850 BC? 
A core on the edge of a former lake revealed 
0.9 m of peat with minor traces of very dirty 
diatomaceous earth.   Below that was 
gleysol, which rapidly changed to grey silty 
clay, very much like that observed in 
McGuffies Swamp, Site 1.  A core was 
drilled 1.5 m into the silty clay.  It became 
sandy loam with depth with a stronger but 
still faint bluish tinge.  Bedrock was not 
reached because of the increasing 
concentration of gravel.   

Angular pebbles (dropstones?), often with 
well-rounded edges, were common within 
the silty clay. increasing in concentration 
with depth.  It seemed to sometimes to form 
layers.  Chips of granodiorite were quite 
common along with volcanics.  There 
appeared to be no organic material within 
the silty clay. 

Tests of the silty clay failed to show any 
reaction at all to cold dilute hydrochloric 
acid, suggesting it was either not marine; or 
had been deposited in an environment 
devoid of calcareous lifeforms; or the 
environment below the peat had too much 
humic acid for calcite to have survived. 

At the surface nearby was one particularly 
large granodiorite erratic boulder with 
several smaller ones scattered around.  The 
soil beneath the large erratic was so stony 
that it was impossible to auger. 

                                                           
15 The name of a well-known market garden on 
Gabriola. 
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9. Commons 
Google Earth elevation:  74 m 
49°10.25′N, 123°50.40′W dip S 
 
Sea level date: ca 11810 BC? 
Described in detail at 
http://www.nickdoe.ca/pdfs/Webp56c.pdf. 

Basically 0.46 m of peat with abundant 
layers of diatomaceous earth.  Below that 
was 0.76 m of gleysol with dropstones, 
some quite large.  Bedrock was rotted 
sandstone.  No evidence of a marine layer. 

See also the geology of Gabriola’s 
diatomaceous earth which contains a mid-
Holocene radiocarbon date for peat within 
gleysol (Appendix 7). 

 

Gleysol underlying the Commons land.  This clay with orange oxidation 
streaks is common both above and below the late-Pleistocene sealevel 
highstand.  It is derived by the weathering of silt to clay minerals in bluish grey 
undermelt till.  It always appears to contain no marine fossils, but this may be 
because any that were there have been eroded by humic acids.  Some 
authors* report finding moulds or casts of shellfish in clay of this type. 

* For example, J.W. McCammon, Surficial geology and sand and gravel deposits of 
Sunshine Coast, Powell River, and Campbell River areas, pp.8–9, BC Ministry of 
Mines and Petroleum Resources, Bulletin 65, 1977.  
 

http://www.nickdoe.ca/pdfs/Webp56c.pdf
http://www.nickdoe.ca/pdfs/Webp56c.pdf
http://www.nickdoe.ca/pdfs/Webp56c.pdf
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10.  Evans Pond 
Google Earth elevation:  69 m 
49°08.04′N, 123°44.46′W dip E 
Sea level date: ca 11730 BC 
The site is on a plateau of Geoffrey 
Formation sandstone/conglomerate at the 
east end of Stoney Ridge and drains away 
via Wagg Brook into Degnen Bay. 

It was examined briefly in August 2008.  
There are two units, brown sand about 3.5 m 
thick, above a bluish-greenish grey gleysol 
with occasional orange streaks.  The gleysol 
formed “clayballs” as it dried in the sun.  It 
would have been about 65 m AMSL. 

Shells were found in the gleysol, but not in 
the brown sand.  The sand appeared to 
contain wood, but it was difficult to be sure 
that this was not just surface debris and it 
was not looked into carefully.   

Examining shells in the gleysol unit at Evans Pond during excavation. 
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11.  McDonalds Pond 
Google Earth elevation:  62 m 
49°07.91′N, 123°44.32′W dip SW 
Sea level date: 11700 BC 
Rufus Churcher’s notes read: 
“A minor deposit of similar [to Somerset 
Pit] sands and minor gravels with oxidized 
upper and reduced lower members present 
on the northwestern margin of an improved 
pond on the property of Gordon R. 
McDonald’s pond at the northeast corner of 
Tyee and Coho Drives, in the southeast of 
Gabriola.…” 

The lower member contained molluscs (not 
identified).  Given the proximity and 
similarity in elevation, this deposit can 
reasonably be supposed to be the same as 
that observed at the Evans Pond.  The pond 
is backed on the northeast side by a 
Geoffrey Formation sandstone bluff several 
metres high. 
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12.  Somerset Pit 
Google Earth 
elevation:  52–62 m 
49°08.6′N, 123°44.5′W  
dip NE 
Sea level date: 11400–
11490 BC 
Somerset Pit is also known 
as Boulton’s Pit after owner 
Nelder Boulton, or if we 
include brother Eric, 
Boultons’ Pit.  The pit is a 
working pit operated by 
Mark and Jeff Pound.  They 
mainly extract pit run sand 
and gravel for use at 
construction sites.  

The pit has two main areas, 
a lower pit, and to the 
southwest of it, an upper 
pit.  The upper pit was 
created in 2004-5 when the 
lower pit became 
exhausted.  The lower pit, 
from which shell and other samples were 
taken for identification, has since been 
landscaped as a natural lake and is no longer 
easily accessible for research.16 

Geology 
The 10m-high, southeast wall of the two pit 
areas is late-Cretaceous Geoffrey Formation 
sandstone.  This is the footwall of a large 
hybrid lefthand strike-slip fault that runs 
across Gabriola Island from the Maples to 
Peterson Bay.  The bedrock of the pit is just 
                                                           
16 This lake has an extraordinary pH of 9.6 as a 
consequence of the abundance of shells (HCO3

–) and 
old marine salt (Na+) in the subsoil.  The small 
stream feeding into the lake had a pH of 8.0.  A high 
pH inhibits feldspar and amphibole weathering 
reactions, which might be why the clay-mineral 
content of the sand in this pit is low compared to that 
in other glacial deposits on the island that are acidic 
and rich in smectite.  

visible at the top end (SW-end) of the upper 
pit where a sandstone contact with shale can 
be seen at the foot of the wall.  The 
surrounding land shallows out to the flats of 
the Somerset Farm to the northeast, where 
marine fossil deposits are also known to 
exist, and rises fairly steeply to the 
southwest to the southern end of a ridge 
whose high point terminates at around 
140 m AMSL at the top of Lackhaven Drive.  

The difference in height between the roads 
around the lower and upper pit areas is about 
10 metres, implying a gentle slope dipping 
to the northeast at about 2°. 17 

                                                           
17 The slope might have been different in the late-
Pleistocene when isostatic unloading was still in its 
early phase, but given the close proximity of the 
areas, it is doubtful the difference in elevations was 
much different. 

Somerset Pit in Sept. 2009.  The lower pit runs about 100m W-E 
and 150m N-S and was worked to a depth of about 3m from the 
level of the access road.  A small ephemeral stream runs from 
SW to NE through both areas, eventually becoming Dick Brook. 
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Lower pit notes 
Rufus Churcher’s 
geological notes on the 
lower pit area read as 
follows: 

“The deposit is in two 
main units, an upper 
golden sand and a lower 
grey silty sand.  The 
upper stratum is at 
present about 3′ [0.9 m] 
thick in the centre of the 
pit below road grade, 
and the lower stratum is 
exposed in bucket grab 
samples to depths of 
some 6′ [1.8 m]. 

“Bedrock is not reached 
anywhere within the pit 
although Late-
Cretaceous Nanaimo 
Group sandstone is 
exposed as containing 
walls for the pit to the 
east. 

“Marine shells comprise 
the majority of float 
within the sands but are 
accompanied by traces 
of seaweed, possibly 
wood fragments, 
rounded glacial pebbles 
of mainland origin, and 
some larger angular 
rocks also of mainland 
origin e.g., black and 
white granite [granodiorite].… 

“The contact between the upper and lower 
units is gradational, passing through a 
mottled grey or black layer, with some 
horizontal grey lines, to a grey layer with 
few yellow patches, and in places with 
haematitic stains in swirls and waves, 

indicating that the upper sands are being 
oxidized by groundwater percolating from 
above. 

“Deeper layers show mixed yellow and grey 
sandy layers indicating alternating shore 
deposits.” 

Preservation of shells (lower pit) 

Shells in a bucket grab sample from the grey silty-sand unit (lower pit) 
after being washed by rain.  A list of identifications of species is in 
Appendix 1.  
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Continuing from Rufus Churcher’s notes: 

“The shells in the upper golden sands vary 
in orientation and preservation.  Many of the 
shells in the pit are broken, but most damage 
is probably from loading under the pit 
excavating machinery.  Many lamellibranch 
shells are complete, some as articulated left 
and right valves.  Separated valves represent 
post mortem deposition, with the valves 
lying flat within the bedding plane.  The 
articulated shells are often vertical or nearly 
so, as in a life orientation, with the valves 
lightly closed.  Gastropod shells are not 
orientated in any particular direction and 
may represent random deposition of 

deceased individuals.  Drills have penetrated 
a number of valves of all sizes. 

“Shells in the lower grey silty-sand unit are 
also arranged in a random manner; however, 
there appears to be a tendency to concentrate 
shells in small windows or swales.  Such 
occurrences are seen in the bottom of the 
stream channel but may reflect erosional 
concentration during run-off in the channel. 

“The whole deposit apparently reflects a 
relatively low energy depositional zone, 
such as a sheltered beach, in which some 
disturbance of the sands occurs sporadically, 
as during storms, but irregularly so that 

Somerset Pit stratigraphy.  The lower pit (centre) has two units below the 0.5-m root zone; an 
upper golden sand unit (0.9 m thick) and a lower grey silty-sand unit (thickness unknown but 
exceeding 0.9 m).  The contact is transitional as described in the text.  Both units contain marine 
fossils. 
The upper pit (left) on the northwest side also has two main units below a 0.4-m root zone; an 
upper sandy-silt loam unit (2.5 m in total) and a lower dark bluish-grey silty-sand unit (thickness 
unknown but exceeding 6 m).  The transition is sharp and close to horizontal across the pit.  
Features of the two units (a sooty layer and sandy band) are described in the text.  Only the dark 
bluish-grey silty-sand unit contains marine fossils. 
In a stream-cut gulley (right) mid-way between, the stream bed is grey with shells.       

 

  The upper sandy unit is sandy loam, mainly massive, but with lenses of silt loam and some 
inverse grading.  Cross-bedding dipping NE is present but with little lateral continuity. 

  About 0.3 m up from the p 

contact is transitional as described in the text and is an estimated.  The lower pit road is about 41 
m AMSL (NAD83 GPS).  
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animals were occasionally 
buried undisturbed in living 
conditions.  As the deduced 
beach would face 
approximately northeast, and be 
bounded by a rocky headland to 
the east and a sloping and 
probably rocky bedrock 
promontory to the west, the 
environment would be sheltered 
from all main winds and waves 
unless coming directly from the 
N-NE sector.” 

Radiocarbon dating 

A shell sample from the lower 
pit was radiocarbon dated 
(exact stratigraphic position 
unrecorded).  The determined 
age was 12900 ±160 BP; 
however radiocarbon dating of 
marine material of this age is 
problematic.18  A revision of 
this calibration, details of which 
are in Appendix 3, shows a 
preferred conventional age of 
11641 ±233 14C BP (11567 BC  
±223) after marine reservoir 
corrections (R + ΔR) of 1247 
±170. 

This date, although not precise, 
is important in that it 
established that the deposit is 
post-Vashon Stade.   

Upper pit notes 
Following the opening of the upper pit, it 
was discovered that the stratigraphy was 
similar, but with a major difference.  The 
upper sandy-silt loam19 unit was devoid of 
shells or other fossils. 

                                                           
18 There are notes on this in Appendix 2. 
19 Soil type designations (sand/silt/clay) in these 
upper pit notes are mostly from field observations, 

Sandy-silt loam unit 
This upper unit is massive sand at the top 
becoming siltier and more clay-rich toward 
the bottom with laminations of differing 
shades of yellowy-brown and orange.  
Cross-bedding is evident along the 
northwest edge of the pit 20 where the 
bedding laminations slope down at 20° to 
                                                                                       
not the results of sieve tests, so they may not be 
completely accurate. 
20 There is a picture in Gabriola’s glacial drift—
described. 

Upper pit, NW side, showing the upper sandy-silt loam unit 
with a thin black “sooty” layer at the bottom overlying the 
bluish-grey silty-sand unit.  Sand at the bottom of the picture 
has fallen from the top and is obscuring the bluish-grey unit. 

http://www.nickdoe.ca/pdfs/Webp526.pdf
http://www.nickdoe.ca/pdfs/Webp526.pdf
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the NE.21  This sandy unit tends to conform 
to the Beddis soil type.22 

Along the northwest margin of the pit, the 
sand is stone free, but over on the southeast 
margin, 42 m away, closer to the sandstone 
wall of the quarry, the equivalent unit, while 
still matrix supported, contains a high 
proportion of sorted very angular pebbles.  
Here, the unit tends to conform more to the 
Qualicum soil type. 

Sooty sandy-clay loam layer 

At the bottom of the sandy upper unit, very 
close to or at the transition to the underlying 
grey marine layer, there were in places a 
thin blackened “sooty” layer.  This was plant 
material containing sufficient carbon to be 
dated.  The conventional radiocarbon age is 
                                                           
21 This is consistent with the sediments having being 
laid down as water-saturated sand, which generally 
has an angle of repose in the 15–30° range.  Beaches 
on Gabriola commonly slope at about 6°. 
22 See Gabriola's glacial drift—soils. 

Cetacean vertebral epihysis—an 8-inch 
diameter disc from the backbone of a young 
baleen whale from the Somerset Pit (upper 
area) marine unit. 

The “sooty” layer.  The picture top shows the 
location where the sand was sufficiently 
carbon rich to take a sample for dating.  

http://www.nickdoe.ca/pdfs/Webp527.pdf
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11310 ±60 14C BP (11250 BC  ±62), see 
Appendix 4.  This is significantly after the 
sea had left the area making it certain that 
the upper sandy unit is a glaciofluvial 
deposit, as suggested by the field 
observations.   

Dark bluish-grey silty-sand unit 
(Munsell Gley2 4/1 to 6/1 5PB).  This unit 
contains many marine mollusc fossils, but 
most have been badly damaged by the 
excavator.23  A cetacean vertebral epiphysis 
(whale backbone disc) was also recovered 
from the unit in 2008. 

An X-ray diffraction analysis of the silty-
sand yielded:  
                                                           
23 There are pictures of the marine unit surface in 
Gabriola’s glacial drift—described. 

Somerset Pit, grey marine till with shells, 
#230 sieve (0.066 mm—mud) for silt and 
clay. 
Sample 31, TeckCominco V08-0790R: XRD 
showed quartz abundant; andesine moderate; 
hornblende minor; mica (muscovite or 
phlogopite) minor; kaolinite very minor; 
calcite trace.  

Dropstones have not been observed.  The 
almost complete absence of clay minerals 
and the presence of abundant fine sand and 
coarse silt suggests this is glacial flour, 
possibly sorted undermelt of sea ice.  

Sandy band 

A sandy-coloured band (2.5Y 5/4), roughly 
1.0 m thick, was observed within the dark 
bluish-grey silty-sand unit, starting at about 

Log recovered from the Somerset Pit (upper) two metres below the surface of the glaciomarine 
unit.  There were numerous small fragments of wood associated with the log.  It was dragged to 
this position so it is resting on disturbed sand in this photograph.  The wood looked surprising 
fresh despite being about 13 400 years old.  It has been identified as Western yew.    

http://www.nickdoe.ca/pdfs/Webp526.pdf
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1.4 metres down.  The band was only seen 
in the walls of an exploratory excavator hole 
and its lateral extent is unknown—it might 
have been just a lens. 

A year or so later, a log was retrieved from a 
second hole only a few metres at the most 
from the first.  This second hole was full to 
the brim with water, so the bucket’s precise 
position relative to the sandy band could not 
be seen directly, but most of the sand 
clinging to the retrieved log was sandy-
coloured or had a sandy-coloured 
component in contrast to the dark bluish-
grey of the host unit.  The position of the 
log, two metres down (6–7 ft.) from the 
marine surface, positions it comfortably 
within the sandy band previously observed.   

There may have been some well-weathered 
pea gravel in the sediment. 

The log has been identified as Taxus 
brevifolia (Western yew), and its 
conventional radiocarbon age is 11590 
±50 14C BP (11460 BC  ±74).  The technical 

details of the dating are in Appendix 5.  It is 
15 cm in diameter making it, by modern 
standards, 100 years old when it died. 

T. brevifolia (Western yew) is not a species 
that is mentioned in most late-glacial24 
pollen records from southern Vancouver 
Island and the Fraser lowlands.  We read 
more often of Pinus contorta (shore or 
lodgepole pine), Abies spp. (true firs, grand? 
fir), Picea spp. (spruce, Sitka? spruce), and 
Salix spp. (dwarf willows). 

Interesting comments about T. brevifolia 
however read as follows: 

“[Western yew] occurs in both lowland and 
subalpine biogeoclimatic zones of southern 
interior and coastal British Columbia.  [It] 
grows best along stream banks and lower 
slopes in a microenvironment of high 
humidity.… 
“…T. brevifolia wood was very abundant, 
and shoots and needles of the species also 

                                                           
24 Before the early-Holocene warm dry climatic 
optimum period during which Douglas-fir and alder 
become dominant and hemlock and cedar are rarer.  

Above left:  seashell from the Somerset Pit, Clinocardium nuttallii 
Above right: a modern shell of the same species. 

The shell-upon-shell appearance of the fossil shell is due to a larger winter-summer temperature 
differential than exists today. 
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very abundant in the Port Moody disposal pit 
found in a fluvial or pond deposit in a small 
valley or gulley dated to 18300 14C BP 
(19875 BC ±250) and at Mary Hill dated to 
18700 14C BP (20347 BC ±202)—dates 
corresponding to the pre-Vashon Port Moody 
Interstade and within the period that Quadra 
Sand was laid down.”25 

These comments of course invite 
speculation that the yew was brought here 
from the mainland in pre-Vashon Stade 
deposits embedded in ice. 

By the summer of 2013, the marine layer 
was overgrown with common horsetail 
(Equisetum arvense), common rush (Juncus 
effusus), and other marsh plants.  There were 
even a few alder saplings (Alnus rubra). 

Site interpretation 
Notwithstanding the feeling at the time that 
the golden sand layer in the lower area was a 
glaciomarine deposit, the radiocarbon date 
of the sooty layer observed in both areas 

                                                           
25 Hicock S.R., Hebda R.J., & Armstrong J.E., Lag of 
the Fraser glacial maximum in the Pacific 
Northwest—pollen and macrofossil evidence from 
western Fraser Lowland, British Columbia, National 
Research Council of Canada, 1982. 

suggests that the lower area golden sand unit 
and the upper area sandy-silt loam unit are 
the same, and are glaciofluvial material that 
washed down over the seafloor containing 
the fossils.  Accepting this hypothesis, the 
sandy band in the upper area would then 
appear to be the result of a brief 
glaciofluvial outwash that eluded being 
washed away by the tide at a time when sea 
level was still at least as high as the top of 
the upper area marine unit.  Only later did 
the bulk of the glaciofluvial sediments cover 
the former seabed. 

The timing of the, possibly catastrophic,  
freshwater meltwater flux is uncertain.  It 
must have been after 11250 BC, which 
suggests it was not due to an abrupt change 
in climate as the Younger Dryas cooling 
started around 10900 BC.  Any attempt to 
constrain the date of the glaciofluvial flows 
is handicapped by the facts that organic 
material at the top of the deposit could have 
formed there many years, perhaps many 

centuries, after the flow was 
over; and the flow material 
itself contains no dateable 
fossils.  

The Somerset Pit (upper) 
looking SW in 2013.  An 
excavator is working at a 
new site at the far end.  
Just a few years after 
exposure, the glaciomarine 
unit is rapidly being 
covered by marsh plants. 

The 13C fractionation of the 
“sooty” layer was very 
close to that of horsetails.     
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13. Chapple Creek 
Google Earth elevation:  22 m 
49°08.24′N, 123°46.70′W dip W 
Sea level date:  11045 BC  
A typical forested site over shale bedrock 
with a seasonal creek nearby, and 
occasionally prone to flooding. 

The soil consists of dark-brown stony loam 
fining downward about 0.45 m thick.  Below 
that is another 0.45 m-thick layer of grey 
clay with little sign of gleying.  The clay 
contains very angular, moderately-well-
sorted, pea gravel of mostly volcanic and 
intrusive rocks.  There is no indication that 
this was once a beach—no fossils or 
bioturbation. 
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14.  Wharf Road Borrow Pit 
Surface elevation:  17 m 
49°08.48′N, 123°47.72′W dip 
S 
Sea level date: ca 11050 BC? 
A long-since abandoned sand 
and gravel borrow pit on a steep 
hillside facing slightly west of 
south.  Anecdotal evidence is 
that there were “sea shells” 
there beneath the sand and that 
these were not part of a midden.  
The hillside is Geoffrey 
Formation conglomerate and 
sandstone and has several 
benches that were presumably 
former beaches, but there are 
now no obvious marine 
deposits visible on the surface.   

An occasional isolated shell is 
found on the surface, but they 
have the appearance of being 
relatively modern.26  Pockets of 
dark brown, almost stone-free 
sand in the hillside at least up to 
the road level at 45 m AMSL are 
covered with a veneer of 
matrix-supported gravelly soil 
around 0.6 m thick.  The sand 
deposits appear to have very 
little lateral extension, which 
raises the possibility that they 
have flowed down a drainage 
channel, perhaps at some 
considerable time after the end 
of the ice age. 

Nothing more is known. 

                                                           
26 Possibly dropped by a seagull or from a minor midden?  One valve of Clinocardium nuttallii (cockle) did not 
show pronounced seasonal rings as do many ice-age specimens.  

Wharf Road.  Above:  Sandy loam over shale bedrock 
(Northumberland Fm.).  No sign of the compaction usual in 
lodgement till.  Below: loamy sand with some isolated gravel 
fragments at the top of the road.  Bedrock here is 
conglomerate (Geoffrey Fm.).   
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General Remarks 
The ice-age facies occurring on Gabriola fall into the following categories: 

1.  “undermelt till” 
This bluish-grey silty clay occurs at sites both above and below the late-Pleistocene sea level 
making the early-in-the-study “marine clay” nomenclature wrong.  It almost always contains 
dropstones.  Its stone content and grittiness increases with depth.  It appears according to one 
analysis to have little or no clay mineral content,27 though it does contain clay-sized 
comminuted particles of 
mainly quartz and 
feldspar. 

This particular till 
weathers in two 
different ways. 

1A:  In cliff faces, 
where it dries out, the 
soft clay becomes as 
hard as concrete.  A 
good example of this is 
at the south end of 
Mudge Island.  With 
prolonged exposure, the 
till turns olive-brown. 

1B:  The till can also 
form gleysol, a 
greenish-olive clay with 
bright orange stripes 
where oxygen has 
penetrated into it.  This 
is frequently found 
below wetlands.  The 
weathering to a clay 
smectite mineral may be the result of acidification.28    

This till appears to be the product of undermelting of ice that is rich in glacial flour.  It can be 
deposited in the sea (Appendix 8), providing there are no strong currents or wave action to 
remove it, or in cavities filled with meltwater beneath the ice.  Some of the larger clasts in the 
till have facets and some have striae, indicating that they were once in lodgement till.  While 
it remains possible that this till is lodgement till, I do not think so.  It is hard to explain the 
presence of dropstones if it is. 

                                                           
27 http://www.nickdoe.ca/pdfs/Webp526.pdf p.9. 
28 Grains of feldspar in deposits lacking shells are sometimes spherical as a result of acidic weathering. 

Whalebone Beach.  Undermelt till like this that is leached, deoxidized, 
contains no easily weathered minerals, and is sticky when wet and 
hard when dry is sometimes known as gumbotil.   

http://www.nickdoe.ca/pdfs/Webp526.pdf
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2.  bluish silty sand 
Often contains sea-shells and has a high pH.  Possibly a variant of the undermelt till that has 
had the finer particles removed by wave action and currents (Appendix 8).  Although it 
contains little clay, it sometimes contains enough to form clayballs when dried out. 

There is a variant of this which is not a marine deposit but has had its finer particles removed 
by meltwater.  This is often stained bright orange because of the presence of the iron mineral 
lepidocrocite, as in gleysol.  In its sandy form, it does not form clayballs on drying out. 

3.  sand 
Stone-free sand.  Curiously, often burying shell-rich marine layers suggesting it is 
glaciofluvial sediment that was released from melting ice on land only after the sea had 
become relatively ice free.  Its parent material may be Quadra sediment that survived locally 
under the ice in gullies and sheltered locations at the feet of cliffs on the lee side of the 
glaciers, but the loss of stratigraphy as a result of it being reworked by meltwater makes this 
difficult to establish for sure.   

4.  ablation till 
Very stony, even bouldery, loosely compacted till, often with a darkish brown sandy matrix 
and containing very little clay or silt.  Surface till, sometimes topped by large erratics.  Not 
evenly distributed, sometimes absent, possibly because it was rafted away on sea ice.  In 
some places, this till may be outwash, but it more often appears to have settled fairly gently 
into place as a result of melting of stagnant or, at lower elevations, grounded marine ice. 

5.  lodgement till 
Very firmly compacted and concreted, poorly sorted, till lying immediately above bedrock 
and frequently containing fragments of bedrock.  Usually fairly impermeable and so 
containing orange streaks of finer material in the few places where groundwater has managed 
to penetrate along old tree root channels and weather the matrix to clay.  Not common at 
higher elevations. 
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Summary    
Sites in red were always above sea level.      

Sites 10, 12 4, 6, 7, 11, 
14 3 13 1, 2, 5, 8, 9 others 

stony till 
ablation till × × × ×  × 

peat     ×  
sand 

glaciofluvial × × ×    

clay/gleysol 
undermelt 

till 
×   × ×  

silty sand 
with shells × ×     

lodgement 
till      × 
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Appendix 1—Notes on fossils from the Somerset Pit (lower 
area)—by Rufus Churcher  

Identifications assisted by Graham E. Gillespie (Pacific Biological Station, Nanaimo), Sebastian 
Payne (Cambridge, England), Tom Cockburn (Victoria Paleontological Society), Lindsey T. 
Groves (George C.Page Museum, Los Angeles), and John Harris (George C.Page Museum, Los 
Angeles). 

 
Bivalvia      

   long. of recent 
forms 

habitat 
0 = intertidal 

Pacific pink 
scallop 

Chlamys hastata 
herica 

rare and rarely well 
preserved 57–33° N 2-150 m 

rocky reefs 

Nuttall’s cockle Clinocardium 
nuttalli 

juv. & adults fairly 
common 60-33° N 

0-30 m 
sand-gravel, 

sheltered 

nestling saxicave Hiatella pholadis 1 valve 68-48° N 
0-10 m 

mussel beds, 
kelp holdfasts 

bent-nose 
macoma Macoma nasuta  60-22° N 

0-50 m 
common in 

intertidal sand 

oblique macoma Macoma obliqua 2 valves 71-47° N 0-200 m 
sand or gravel 

Baltic macoma Macoma balthica ? no positive id. 70-38° N 
0-40 m 

usually bays 
and estuaries 

Pacific blue 
mussel Mytilus edulis shells usually small 

and mashed 71-19° N 
0-5 m 

sheltered 
locations 

softshell clam Mya sp. juv. only 70-40° N 0-100 m? 

Arctic surfclam Mactromeris 
polynyma 

very thin valves, 
one whole and one 

fragment only 
65-46° N 

0-110 m 
sand, mud, 

gravel 

divaricate nutclam Acila castrensis common 57-24° N 5-220 m 
mud-sand 

butter clam Saxidomus 
gigantea 

many, one thinner 
and more elongate; 

also juv. 
60-37° N 

0-40 m 
mid- to lower 

intertidal 

Greenland cockle Serripes 
groenlandicus  71-48° N 0-80 m 

Pacific horse clam 
horse clam 

Tresus nuttali or 
Tresus capax 

one damaged 
valve only 55-35° N 

0-50 m sand 
0-30 m mud-

sand 
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Gastropoda      

   long. of recent 
forms 

habitat 
0 = intertidal 

Western barrel-
bubble 

Acteocina 
culcitella? common Alaska-Baja C. 0-? 

rough keyhole 
limpet Diodora aspera juv. Alaska-Baja C. low intertidal, 

subtidal 

closed moonsnail Euspira pallida  Arctic-California  

Oregon triton ?Fusitriton 
?oregonensis one shell Bering-California 0-90 m 

wide lacuna Lacuna ?vincta 
Lara sp.??  Alaska-Puget S. 0 m 

rocky shores 

Sitka periwinkle Littorina ?sitkana  Alaska-Puget S. sheltered rocks, 
eelgrass 

checkered 
periwinkle Littorina ?scutulata  Alaska-Baja C. sheltered on 

rocks 

surfgrass limpet Lottia/Tectura ? 
paleacea  Van. I-Baja C. –0, surfgrass 

puppet margarite Margarites 
?pupillus  Alaska-California 

sand, mud, 
rubble, 

sheltered 

neptune snails Neptunia sp.    common soft-
bottom 

checkered hairy 
snail 

Trichotropis 
cancellata  Alaska-Oregon rocky subtidal, 

on tube worms 
 

 
Non-molluscan 

fauna 
     

   long. of recent 
forms habitat 

crab claw ?  .  

scaly wormsnail 
shells 

Serpulorbis 
squamigera 

on granitic float 
and fragments in 

sand 
Alaska-California 

mid- to low 
intertidal on 

rocks 

bony fish vertebra Osteichthyean ? 

centrum with 
neural and haemal 

arches/spines, 
centrum possibly 

asymmetrical 
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Appendix 2—Radiocarbon 
dating complexities 
Radiocarbon dating has several potential pitfalls, 
not always well-explained in the technical 
literature.  The way I (Nick Doe) look at is as 
follows: 
Given, as a result of measuring the radiocarbon 
age of samples of known calendar age: 
y = F(x) 
where: 
x is the true age in calendar years; 
y is the apparent age in radiocarbon years; and 
F() is the radiocarbon age as a function of the 
true age, 
then, what we need is a solution to: 
x = F–1(y)   
where: 
x is the true age in calendar years; 
y is the apparent age in radiocarbon years; 
F–1() is the inverse function of F() giving the true 
age as a function of the radiocarbon age. 

F–1() can conveniently be evaluated using the 
program Calib  http://calib.qub.ac.uk/calib/  
which incorporates the IntCal09 database for 
samples not requiring a reservoir correction, and 
the Marine09 database for marine samples, 
which always do.  The program allows for a 
local reservoir correction (ΔR) when using 
Marine09, but not when using IntCal09.  The 
program also handles instances where F–1() has 
more than one value.  

All radiocarbon measurements requiring 
calibration have first to be adjusted to conform 
to the international conventions used to 
construct the databases.  An adjusted 
conventional radiocarbon age (14C BP) is a 
radiocarbon age that has been calculated on the 
basis of a 5568 year half-life for 14C (the Libby 
standard), has been corrected for sample isotopic 
fractionation (δ13C) to –25 ‰, and is relative to 
0 BP = 1950 AD. 

Reservoir corrections in general 
For dating organisms that metabolized carbon 
that was not in equilibrium with the atmosphere 
at the time of death, we have to use a reservoir 

correction that reflects the age of the carbon in 
the reservoir.  The biggest reservoir is the ocean. 
The radiocarbon date of all marine organisms, 
and all organisms that subsisted, even partially, 
on a marine diet, need a reservoir correction. 

What has never been very clear to me is why 
reservoir corrections are defined in radiocarbon 
years and not calendar years.  One might 
suppose that, fundamentally, reservoir times are 
related to the passage of real time and not 
radiocarbon time.  The choice can be expressed 
concisely as: 

x = F–1(y – Ry),  or   x = F–1(y) – Rx  
where: 
x is the true age in calendar years; 
y is the apparent age in radiocarbon years; 
Ry is a reservoir correction measured in 
radiocarbon years; and  
Rx is a reservoir correction measured in calendar 
years. 

To resolve this, we need to think about how ‘y’ 
is actually measured.  Let’s characterize the 
radioactivity (or equivalently 14C concentration) 
of a sample as: 

rad(y)/A = 2–y/Y 

where rad(y) is the measured radiation level; 
A is the radiation level in the atmosphere at the 
time the organism died; 
y is the elapsed time since death; 
Y is the half-life of 14C. 

Hence: 
y = –Y log2[rad(y)/A)] 
The most important two corrections to be made 
in radiocarbon dating are for isotopic 
fractionation and for reservoir times.  These we 
can incorporate in the equation as: 
rad(y)/A = α 2–( y+R )/Y 
where α is a measure of the enrichment or 
depletion of 14C above the standard; 
R is the apparent age of the sample at the time 
the organism died due to the organism’s 
absorption of “old carbon”. 
Re-arranging the equation to obtain ‘y’ then 
gives us: 
y = –Y log2[rad(y)/A)] + Y log2[α] – R 

http://calib.qub.ac.uk/calib/
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and Δy the correction to y is: 
 Δy = Y log2[α] – R 
We can see from this that R, as defined, is Ry 
and is radiocarbon years, not calendar years.  It 
has to be subtracted from the apparent 
radiocarbon age. 

Isotope fractionation 
Isotopic fractionation in a sample is determined 
by measuring the fractionation of 13C because 
measuring the fractionation of 14C is not 
practical. 
The standard for (δ13C) is –25 ‰ 
that is α = 1 when 13C fractionation is 0.975. 

For (δ13C) other than  –25 ‰, the correction for 
fractionation is: 
Y log2[α] = 
    Y loge [1+ m (δ13C + 25 ‰)/1000]/loge[2]  
 ≈ Y m (δ13C + 25 ‰)/(1000 loge[2]) 
where ‘m’ is the ratio δ14C/δ13C. 
We can attach numbers to these parameters. 

The half-life of 14C is 5730 years.  It is however 
deliberately mistakenly to be 5568 years in 
determining the conventional radiocarbon age in 
order to maintain consistency with historical 
determinations.  The correction for this is not a 
concern as it is incorporated in the calibration 
databases. 

For present purposes we take the half-life to be 
its actual value; hence 
Y = 5730 years 
‘m’ is commonly taken to be 2.0. 
Hence we have: 
Y log2[α] ≈ 16.5 (δ13C + 25 ‰) 
For every 1‰ fractionation δ13C is above 
–25 ‰, say for example –24 ‰, 16.5 years have 
to be added to the apparent radiocarbon age to 
compensate for the fact that the enrichment of 
δ14C relative to the calibration standard is 
causing the age to be under-estimated (the 
radiation is too high).  Conversely, for every 1‰ 
fractionation δ13C is below –25 ‰, say for 
example –26 ‰, 16.5 years have to be 
subtracted from the apparent radiocarbon age to 

compensate for the fact that the depletion of 
δ14C relative to the calibration standard is 
causing the age to be over-estimated (the 
radiation is too low). 

Marine reservoir corrections 
In the past, it was common practice to use a 
global marine reservoir correction RG for marine 
samples, so that the calibration calculation was: 
x = F–1(y – RG)  
where RG was held to be a constant at 400 years. 
Nowadays, a database FM(x) has been created 
specifically for marine samples, and the 
calibration is then simply: 
x = FM

–1(y) ≈ F–1(y – RG) 
Use of FM

–1(), which is Marine09, in effect, 
allows for small variations in the reservoir 
correction to be handled implicitly. 
While in many locations in the world R can be 
taken as integrated into the functions FM(x) and 
FM

–1(y), this is most certainly not true in the 
Pacific northwest.  An approximation that has to 
be used in this area is: 
x = FM

–1(y – ΔR)) ≈ F–1(y – RG – ΔR) 
where: 
ΔR is a local marine reservoir correction 
measured in radiocarbon years. 
ΔR is usually taken to be a constant 390 years 
within the Strait of Georgia and just a few years 
different in locations in Puget Sound.  However, 
ΔR is no more truly independent of ‘y’ than is 
RG.  It is only approximately a constant,29 and it 
is most certainly not so during the transition 
from glacial to interglacial conditions at the end 
of the Pleistocene.30  The total marine reservoir 
correction in radiocarbon years R = RG + ΔR has 
                                                           
29 Jennie N. Deo, John O. Stone, and Julie Stein, 
Building confidence in shell: Variations in the 
marine radiocarbon reservoir correction for the 
northwest coast over the past 3000 years, American 
Antiquity 69 (4); pp. 771-786, 2004. 
30 Ian Hutchinson, Thomas S. James, Paula J. 
Reimer, Brian D. Bornhold, and John J. Clague, 
Marine and limnic radiocarbon reservoir corrections 
for studies of late- and postglacial environments in 
Georgia Basin and Puget Lowland…, Quaternary 
Research 61; pp. 193-203, 2004. 
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been reported as being ≈1100 years between 
12500 and 11500 14C BP rather than the usual 
400 + 390 = 790 years.31 
This leaves the researcher with the option of 
using: 
(1):  x = FM

–1(y – ΔR); or 
(2):  x = F–1(y – R) 
We need to know either the local reservoir 
correction; or the total reservoir correction 
measured.  
To me, option (2) looks to be the right choice.  
In this area, the Pacific Northwest, the split of 
the reservoir correction into global and local 
components is artificial, particularly if both are 
variable.  Until we have a new function FML() 
which incorporates the total marine reservoir 
correction for our area, eq. (2) will have to do. 
TABLES 1, 2, and 3 show some examples of 
calculations used to calibrate radiocarbon ages 
of 11000 14C BP, 12000 14C BP, and 
13000 14C BP. 
All results were obtained using Calib Rev. 6.1.0 
http://calib.qub.ac.uk/calib/ . 
Dates BC are the mean of the high and low 
one-sigma range with the radiocarbon age 
uncertainty set at ±1 (0 is not allowed by the 
computer program) and the ΔR (local reservoir) 
uncertainty, where used, set at 0 (which is 
allowed).  Where there is more than one 
intercept, dates BC are the weighted means of 
the individual means. 
The uncertainty range in these tables is ± half 
the difference between the reported high and low 
one-sigma dates.  Where there is more than one 
intercept, the uncertainty range is the square root 
of the weighted sum of the squares of each 
uncertainty range and of the squares of the 
differences between each date BC and the 
weighted mean date BC. 
In the tables: 
Row 1:  the calendar date using the terrestrial 
sample database (IntCal09); 

                                                           
31 Kovanen, D.J., and Easterbrook, D.J., 
Paleodeviations of radiocarbon marine reservoir 
values for the northeast Pacific, Geology, 30 (3); 
pp.243–246, March 2002.  

Row 2:  the calendar date using the marine 
sample database (Marine09, ΔR =0);  
Row 3:  the same calendar date as in Row 2, but 
obtained using the terrestrial sample database 
(IntCal09) with the indicated reservoir 
correction.  The correction was found by trial 
and error, the objective being to have the 
IntCal09 result in Row 3 match the Marine09 
result in Row 2.  The correction that achieved 
this is the global reservoir correction in 
Marine09; 
Row 4:  the date using the the marine sample 
database (Marine09, ΔR = 390). 
Row 5:  the same calendar date as in Row 4, but 
obtained using the terrestrial sample database 
(IntCal09) with the indicated reservoir 
correction.  The correction was found by trial 
and error, the objective being to have the 
IntCal09 result in Row 5 match the Marine09 
result in Row 4.  The correction that achieved 
this is the internal global reservoir correction in 
Marine09 plus the external local correction; 
Row 6:  the date using the the marine sample 
database (Marine09, ΔR = 700).  The total 
marine reservoir correction was intended to be 
1100, but entered as a local marine reservoir 
correction of 700 on the assumption that the 
global marine reservoir correction contained in 
the Marine09 was 400 years; 
Row 7.  the date using the terrestrial sample 
database (IntCal09) with a 1100 year total 
marine reservoir correction. 

http://calib.qub.ac.uk/calib/
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TABLE 1: 13000 14C BP 
 14C BP IntCal09 

BC 
R 

used 
Marine09 

BC 
ΔR 

used 
implied 

RG 
intended 

R 
assumed 

RG range 

1 13000 13580 0 - -    ±246 
2 13000   12951 0    ±152 
3 12595 12951 405 - - 405   ±151 
4 13000   12106 390    ±62 
5 12205 12106 795 - - 390   ±62 
6 13000   11816 700  1100 400 ±47 
7 11900 11820 1100 - -  1100  ±46 
 
TABLE 2: 12000 14C BP 
 14C BP IntCal09 

BC 
R 

used 
Marine09 

BC 
ΔR 

used 
implied 

RG 
intended 

R 
assumed 

RG range 

1 12000 11897 0 - -    ±52 
2 12000   11468 0    ±50 
3 11595 11468 405 - - 405   ±50 
4 12000   11178 390    ±40 
5 11206 11178 794 - - 404   ±40 
6 12000   10795 700  1100 400 ±75 
7 10900 10802 1100 - -  1100  ±75 
 
TABLE 3: 11000 14C BP 
 14C BP IntCal09 

BC 
R 

used 
Marine09 

BC 
ΔR 

used 
implied 

RG 
intended 

R 
assumed 

RG range 

1 11000 10900 0 - -    ±84 
2 11000   10624 0    ±31 
3 10608 10624 392 - - 392   ±24 
4 11000   9966 390    ±51 
5 10211 9966 789 - - 399   ±70 
6 11000   9300 700  1100 400 ±24 
7 9900 9315 1100 - -  1100  ±16 
 
The difference between the calibrated dates in Rows 7 and Row 6 is small, (+4, +7, and +15 calendar 
years) confirming that it is reasonable to use either database when there is a local correction to be 
made for the ages of interest.  Using the terrestrial sample database (IntCal09) when the total marine 
reservoir correction in radiocarbon years is known, as in Row 7, is most convenient, but it does 
preclude the possibility of specifying, in the program, the uncertainties of the radiocarbon age and ΔR 
independently. 
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Dealing with multiple intercepts 
For discussion purposes, it is helpful to 
reduce the detail of a multiple intercept 
calculation of a calendar date to a single date 
plus a variance, even though, taken literally, 
information has been discarded by so doing.  
My own procedure for the reduction is as 
follows: 

1.  for each of n intercepts, i = 1…n, 
calculate the mean of the one-sigma values 
of the dates: 
tmean(i) = 0.5[told(i) + tyoung(i)] 

and the deviations from those means: 
tdev(i) =[told(i) – tmean(i)] = [tmean(i) – tyoung(i)] 

2.  calculate the weighted mean of the means 
of the intercepts: 
tmean(sample) = Σ p(i) × tmean(i) 

3.  calculate the weighted mean of the 
squares of the deviations from the means 
σ2 = Σ p(i) × [tdev(i)]2 

4.  calculate the weighted mean of the 
square of the deviations of the means from 
the sample mean 
Δ2 = Σ p(i) × [tmean(i) – tmean(sample)]2 

5.  calculate the total sample deviation: 
tdev(sample) = sqrt[σ2 +  Δ2] 

The result is: 
tmean(sample) ± tdev(sample) 

For example, to reduce a calibration for 
10000 ±100 14C BP, IntCal09 gives: 
told(1) = 9748, tyoung(1) = 9724 
  p(1) = 0.057745 
told(2) = 9679, tyoung(2) = 9328 
  p(2) = 0.942255 

Hence: 
tmean(1) = 9736;  tdev(1) = 12 
tmean(2) = 9504; tdev(2) = 176 
tmean(sample) = 9517 
σ2 = 1702 

Δ2 = 542 

tdev(sample) = 179 

This result I would quote for discussion 
purposes as: 

9517 BC ±179 which is not what the full 
data set says exactly, but is the best 
simplified result I can think of—one of the 
reasons I prefer to work with 14C BP ages.  

The “old-shell” problem 
Shells can remain intact after the death of the 
organism for a very long time, as they do in 
middens.32  Equating the date of a shell with the 
date of a stratigraphic layer may therefore 
overestimate the age of the layer if there is a 
possibility, as there is on a beach, that the shell 
was kicking around for some time before settling 
down to the position it was found.  Molluscs 
also live in a range of water depths, which 
muddies the water when trying to determine sea 
level. 
It is, I suppose, also possible that the enormous 
flow of meltwater during deglaciation raised the 
radiocarbon age of shells from the Salish Sea by 
introducing “old carbon” from the land.  
Although there is very little limestone around—
none on Gabriola—there is fossiliferous shale 
and there presumably were older marine glacial 
deposits and old humus beneath the ice.  
However, as far as I know, this aspect has not 
been researched, or has been judged to be 
insignificant.   

The “old-wood” problem 
Trees grow by the addition of rings, and these 
rings stop exchanging carbon with the biosphere 
once they are laid down.33  Thus, the 
radiocarbon age of a tree’s heartwood and 
sapwood will not be the same with the innermost 
heartwood being significantly older than the 
sapwood.  One of the main assumptions of 
radiocarbon dating is that the organism’s time of 

                                                           
32 The archaeologists’ old-shell problem is 
sometimes due to the use of shells by humans to 
make beads and other artifacts, including shells 
collected from fossil deposits, older archaeological 
sites, and beaches. 
33 The Beta Analytic dating service in Florida 
provides some good notes on this topic. 



Gabriola’s glacial drift—ice-age fossil sites on Gabriola Nick Doe 

40 SILT 8-13  File: GD-533 

death is also the time it ceased carbon exchange 
with the biosphere. If this is not the case, such as 
in wood, the radiocarbon age of the organism at 
death is not zero. 
This problem is particularly acute for 
archaeologists dating charcoal when which part 
of the tree is being analysed is not known.  
There’s also no knowing precisely how old the 
wood was at the time of the fire, just as there is 
no knowing how old wood was before being 
used to build a structure.  A less-common but 
similar problem arises when using driftwood to 
date a beach. 

Appendix 3—Recalibrating 
GSC-6405 (radiocarbon date) 
The sample GSC-6405 is recorded in Open File 
Geological Survey of Canada (GSC) 5019 as 
follows: 

GSC-6405  Boulton’s Pit 34 
uncorrected age:  12500 ±160 
δ13C = –1.5‰ 
corrected age: 12500 ±160 
normalized age:  12900 ±160 
collection date:  August 1999 
location:  49°04.07’N, 123°43.97’W  35 
elevation: 45 m [39 m] 36 

The marine pelecypod shells, Saxidomus 
gigantea, identified by A.S. Dyke, sample 
CIA-99-22, collected by C.S. Churcher in 
August 1999, from a sand and gravel pit 
(Boulton’s Pit), at the west end of Dorby 
Road, Gabriola Island, British Columbia 
(49°04.07′N, 123°43.97′W), at an elevation 
of 45 m, were enclosed in sand.  The sample 
was submitted by J.J. Clague to gain 
information on sea level change and the time 
of deglaciation. 

                                                           
34 Adjacent to Somerset Farm and now known as the 
Somerset Pit.  This would be the lower pit. 
35 This is a serious error.  It should be close to 
49°08.67’N, 123°44.40’W. 
36 This was later (August 2008) revised by the 
collector to 50 m.  Although the road around the 
lower pit is 53 m AMSL by Google Earth, it is 41m 
by GPS (NAD83) making the “correct” elevation of 
the sample about 39 m. 

The “normalized” age is the age corrected to 
δ13C = –25‰.  By my calculation, this should 
be: 
12500 + 16.5 (–1.5 + 25) = 12888 ±160 
which is close enough to 12900. 

The “corrected” age appears to be corrected for 
a global marine reservoir correction of 400 years 
but with no ΔR correction, thus: 
12900 – 400 = 12500. 

My interpretation of this measurement might 
therefore be: 

age corrected to –25‰ δ13C:  12888 14C BP 
one-sigma dates using Marine09 and 
ΔR=390 ±0: 
12045–11926 = 11986 BC  ±165 

However, there is no doubt that a ΔR correction 
of 390 is far too small for this timeframe.  My 
preference is R = 1247 ±170 as reported for the 
Bradner Pit by Kovanen & Easterbrook (2002). 

The interpretation of this measurement is then: 
age corrected to –25‰ δ13C: 
   12888 14C BP ±160 
age corrected for R + ΔR= 1247 ±170: 
                11641 ±233 14C BP 

one-sigma dates using InterCal09: 
11790–11344 = 11567 BC  ±223. 

Appendix 4—Dating plant 
material from Somerset Pit 
Radiocarbon  AMS 
Sample 11, DGRW004-0011, Beta Analytic 
269981 
conventional age 11310 ±60 14C BP 
δ13C = –27‰ 
collection date:  December 2009 
location:  49°08.55’N, 123°44.58’W 
elevation: 46 m 37 

one-sigma dates using InterCal09: 
11312–11189 = 11251 BC  ±62. 
The δ13C of  –27‰ is very close to that of 
horsetails ( –28.7‰).  Terrestrial plants 
generally have a fractionation in the range –20.9 

                                                           
37 The road around the upper pit is 49 m AMSL by 
GPS (NAD83).  By Google Earth, it is 60 m.  
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to –36.4‰, while in marine macrophytes it 
is lower (less negative).  

Appendix 5—Dating a log 
from the Somerset Pit 
Radiocarbon  Radiometric 
Somerset Pit (upper) 
Sample 13, DGRW004-0013, Beta Analytic 
325247 
conventional age 11590 ±50 14C BP 
δ13C = –28.5‰ 
collection date:  July 2012 
location:  49°08.55’N, 123°44.58’W 
elevation: 44 m 38   

one-sigma dates using InterCal09: 
11534–11387 = 11460 BC  ±74. 

The wood was collected “6-7 feet” (1.8–2.1 m) 
down from the surface of the glaciomarine layer 
in a grab sample hole; however, while the 
excavator operator thinks it unlikely, it cannot 
be completely ruled out that the log fell into the 
hole while being dug.  The hole was full to the 
brim of water at the time, so it was impossible to 
see any stratigraphy, and the walls of such holes 
collapse quickly, so waiting for it to dry out was 
not an option. 

The log has been identified as Taxus brevifolia 
(Western yew). 

As to the question how did the log get there, two 
observations help.  The first is that the sample 
sent for dating was impregnated with yellow, not 
bluish-grey, sand.  The second is that 
observation of similar grab sample hole, dug 
very close by some time earlier when the water 
table was lower, showed a band of yellow sand 
at a-roughly-estimated 1.4 m down.  It was an 
equally-roughly-estimated 1 m thick. 

The depth of the glaciomarine sediment from its 
surface is in excess of 20 ft. (6.1 m). 

                                                           
38 The road around the upper pit is 49 m AMSL by 
GPS (NAD83).  By Google Earth, it is 60 m.  

Appendix 6—Dating plant 
material from McGuffies 
Swamp 
Radiocarbon  AMS 
Sample 14, DGRW004-0014-sample 1, Beta 
Analytic 359543 
conventional age 11640 ±50 14C BP 
δ13C = –25‰ 
collection date:  September 2013 
location:  49°08.79’N, 123°47.31’W 
elevation: 158 m  

one-sigma dates using InterCal09: 
11601–11465 = 11533 BC  ±68. 
The plant material was one of two factions taken 
from the surface of the glacial clay.  The 
pretreatment report from Beta Analytic is worth 
quoting in full: 

“We have completed the pretreatment of your 
sample DGR004-0014 Sample 1.  It has been 
sieved through a 180 micron sieve.  We 
recovered sediment that passed through the 
sieve and also separated a fraction of decayed 
plant remains (caught in the sieve) that may 
also be dated.  The sediment has been treated 
to remove carbonates and the plant has been 
treated to remove carbonate and also mobile 
humic acids.  Generally, if the plant material 
is expected to belong at that level (not 
intrusive or washed in) it is recommended for 
dating since it has been able to have a more 
complete pretreatment and  may represent a 
more unique event in time if they originated 
from short lived materials. 

“However given the very degraded nature of 
the plant remains pictured, you should 
consider if it is possible that this material 
may contain decayed invasive roots from 
overlying sediment layers, or if this material 
may have been redeposited or composed of 
materials that originated from multiple 
carbon sources of differing ages.  

“Sediment dates should be viewed as 
minimum age dates since younger carbon 
from above may have washed down.  It is 
possible, however, that older carbon may 
have been incorporated also.  Sediment is not 
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generally given a pretreatment to remove 
mobile humic acids.  You must also consider 
the source of the carbon in the sediment.  In 
flood plains it may be composed of carbon 
from several sources which may have been 
younger or older than the level it was 
deposited in.  It is also possible to have a 
mobile water table that can bring in carbon of 
different ages.  There may also be other 
situations in which older carbon (than the 
sample) may be mixed in.  This is why the 
most accurate dates come from short lived 
single-component materials which have been 
well preserved and are suitable for rigorous 
acid/alkali pretreatments. 

“Which fraction (sediment or decayed plant) 
is authorized for dating, should be based on 
the available field evidence and/or your past 
experience in dating materials of this type 
from the same or similar areas of collection.” 

My response: 
“My gut feeling is that we should go with the 
plant material rather than the sediment.  The 
sample was ‘sealed’ from above by a thick 
layer of only partially decayed sphagnum 
moss, so anything that looks remotely like 
moss should be tossed out.  In my limited 
experience too, very small samples are more 
likely to have been mobile than bigger ones.  
That the larger fragments appear to be 
grass/reed/rush remains is also hopeful.  
They are to be expected, and there are few 
such plants in the column until way above 
the sample extraction point.  I don't think 
there could have been that much 
contamination from above.” 

The very early date for the material leaves 
me confident that our contamination-
avoidance measures were successful.  

Appendix 7—Dating plant 
material from the Commons 
Radiocarbon  AMS 
Sample 12, DGRW004-0012, Beta Analytic 
269982 
conventional age 5870 ±40 14C BP 
δ13C = –28.4‰ 

collection date:  October 2009 
location:  49°10.25’N, 123°50.40’W 
elevation: 74 m  

one-sigma dates using InterCal09: 
4789–4707 = 4748 BC  ±41. 
The sample was sooty loam taken immediately 
above the gleysol at the bottom of the peat-rich 
layer. 

Appendix 8—Undermelt till 
and bluish silty sand 
An interesting note in the literature on the 
relationship between undermelt till (clay) 
and bluish silty sand.  I have never seen 
evidence that the clay is a marine deposit, 
while in some locations on Gabriola, bluish 
silty sand contains shells and is without 
doubt marine. 

“Another common variety of [of 
unconsolidated deposit] is stoney clay.  This 
consists of a sandy-silty matrix containing 
scattered stones up to several centimetres in 
diameter, it is blue-grey when fresh but is 
usually oxidized to buff or light tan.  In 
general appearance this clay is much like till 
and if the stone content is high the two are 
difficult to tell apart.  Usually, however, 
diligent search will reveal moulds or casts of 
shellfish in the clay.  Shell prints were found 
in beds of this material in most parts of the 
area but nowhere were any actual fossil 
shells discovered—all had been dissolved out 
to leave only a mould or cast.” 

J.W. McCammon, Surficial geology and 
sand and gravel deposits of Sunshine Coast, 
Powell River, and Campbell River areas, 
pp.8–9, BC Ministry of Mines and 
Petroleum Resources, Bulletin 65, 1977.  

 ◊ 
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Articles: 

GD-521 Introduction 
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GD-527 Gabriola soils 
GD-528 Counting stones on the beaches 
GD-529 Drift, what is it, where’s it from? 
GD-530 Computer studies of deglaciation 
and sea level and climate changes 
GD-531 Notes on a mammoth bone 
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Sea level changes. 
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Addendum November 2017 
  
15. Elgie Farm Ponds 
Surface elevation: 94 m  
N9°9.34’N, 123°46.80’W dip E 
Sea level date: 11980 BC  
 
Small, now-flooded 
dug-outs to extract sand, 
and maybe keep fish. 
About 380 metres north 
of Site 4 and 5–10 
metres lower. Classified 
as Baynes soil, said to 
be marine deposits but 
well below the soil level 
is the former beach with 
shells.  

There is a thin stony 
surface layer, a mottled 
sandy layer, a deep layer 
of stone-free fine sand, 
grey, and a marine layer 
now flooded but likely rich in clay.  
The fine sand layer is of varying thickness 
from little near the gate to the farm to three-
metres with four-metre pockets at the 
ponds. It contains no organic matter 
and no fossils. Only one isolated 
dropstone was seen in this layer 
where exposed (basalt pebble with 
greenish pale rind, microscopic 
striae).  
Fossils retrieved from excavation 
piles similar to other sites on 
Gabriola. One clam (right in the 
photograph) had its valves intact as 
they would be when alive.  ◊  
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Addendum June 9, 2021 
General Remarks 
This addendum provides details of new 
radiocarbon dates for three of the sites (4, 
12, and 15), and it is possible that there will 
be more in the future.  The dates were 
obtained by the André E. Lalonde AMS 
Laboratory, University of Ottawa with a 
report date: of January 20, 2021.  Samples, 
all marine shells, were provided and 
submitted by Steve Earle. 

Some of this new data will impact the “Sea 
level date:” numbers in the heading for each 
site; however, the main body of this article, 
Version 5.7, has not been revised to account 
for this.  These dates should therefore be 
regarded as rough indicators only; they may 
be out-of-date by one or two centuries.  
These dates were based on a speculative 
relationship between 
sea level and isostatic 
rebound described in 
SILT 8–10, “Gabriola’s 
glacial drift–an 
icecap?”, File GD-530, 
p15, and Version 3.7 of 
this file remains as 
originally published. 

12. Somerset 
Pit (Dorby 
Road) 
Three dates had been 
previously obtained from 
this site: 
a)  shell, lower pit, 
11567 BC ±223 

R + ΔR= 1250, InterCal09, 39m AMSL, 
12888 14C BP, Appendix 3; 39 

                                                           
39  R + ΔR = 950 ±50 was the value used for Victoria 
and Northern Strait in the figure on page 15 of GD-
530, Version 3.7.  The higher figure used here allows 

b)  plant, upper pit, 11251 BC  ±62 
InterCal09,  46m AMSL, Appendix 4; 

c)  log, driftwood? upper pit 11460 BC ±74 
InterCal09, 44m AMSL, Appendix 5.40  

The upper pit sampling location was the red 
area in the site photograph.  The yellow area 
is the sampling location of two new samples.  
The difference in elevation, if any, is very 
small.    

Sample GI-DO-01 
Radiocarbon AMS 
Laboratory number: UOC-14086 
conventional age 12661±38 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
13994: 13516 (2-sigma)  

For R + ΔR = 1250 ±170 as reported for the 
Bradner Pit by Kovanen & Easterbrook 
(2002) and using Marine09 with ΔR = 

                                                                                       
for “old carbon” discussed later in this addendum.  
The difference between InterCal09 and Marine09 
based on the implied R alone is 405 radiocarbon 
years. 
40  The caption for the log and plant in the figure on 
page 15 of GD-530, Version 3.7, has these wrongly 
reversed. 
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1250–405 = 845 ±170 gives a date 
(1-sigma): 
11490: 11161 = 11326 ±165 BC. 

Sample GI-DO-02 
Radiocarbon AMS 
Laboratory number: UOC-14087 
same location and species as GI-DO-01 
conventional age 12461±39 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
13735: 13309 (2-sigma)  

My preference is R + ΔR = 1250 ±170 as 
reported for the Bradner Pit by Kovanen & 
Easterbrook (2002).  Using Marine09 with 
ΔR = 1250–405 = 845  ±170 gives a date (1-
sigma): 
11328: 10960 = 11144 ±184 BC. 

Consolidation 

The two median results are 183 years apart 
which is a rather large number considering 
that it was reasonable to have assumed that 
the shellfish were alive at roughly the same 
time.  This difference has its root in the 
difference of 200 years between the 
conventional radiocarbon dates.  Changing 
the reservoir corrections will change the 
calibrated BC dates but will not do much to 
reduce the difference. 

One clue as to what might be wrong with the 
dates is that the 1-sigma range of both 
samples include dates that are younger than 
the 1-sigma range of the plant material, 
previous date (b).  The plant date is free 
from any reservoir complications, is just 
above the tidal range of the shell collection 
level, and has unmistakably no marine strata 
above it.  The sea must therefore have left 
the scene probably before ca. 11250 BC 
rather than after it. 

Perhaps fortuitously, the mean date for the 
samples that are within the 1-sigma range of 
both samples is 11328: 11162 = 11245 BC, 

practically the same value as for the plant 
material. 

An alternative possibility is that the value 
for R + ΔR = 1250 is too high.  However, 
this leaves us in the position of defining the 
“correct date” in order to determine what 
reservoir correction should have been used.  
Ignoring the obvious objection to this 
procedure, I would suggest that a value of 
 R + ΔR = 1100 would produce a “better” 
result.  There is some justification for this 
change as the following quote explains: 41 

The magnitude of the oceanic reservoir age 
in the inland waters of the Georgia Basin and 
Puget Lowland of northwestern North 
America is inferred from radiocarbon ages on 
shell-wood pairs in Saanich Inlet and 
previously published estimates.  The 
weighted mean oceanic reservoir correction 
in the early and mid Holocene is 720±90, 
slightly smaller than, but not significantly 
different from, the modern value. The 
correction in late-glacial time is 950±50. 
Valley-head sites yield higher reservoir 
values (1200±130) immediately after 
deglaciation. 

The increase in the valley-head values is 
attributed by the authors of this quote to “old 
carbon” being flushed from the land by 
meltwater, an event that may well have 
occurred at this site. 

Sample GI-DO-01 (revised) 

conventional age 12661±38 14C BP 
ΔR = 1100–405 ≈ 700 ±50 
Marine09, (1-sigma) 

11505: 11364 = 11435 ±70 BC 

                                                           
41 Hutchinson, I., James, T.S., Reimer, P.J., 
Bornhold, B.D., Clague, J.J., Marine and 
limnic radiocarbon reservoir corrections for studies 
of late- and postglacial environments in Georgia 
Basin and Puget Lowland British Columbia, Canada 
and Washington, USA. Quaternary Research 61, 193–
203, 2004.   
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Quite close to the date for the log, if that 
means anything. 
 
Sample GI-DO-02 (revised) 

conventional age 12461±39 14C BP 
ΔR = 1100–405 ≈ 700 ±50 
Marine09, (1-sigma) 

11347: 11215 = 11281 ±66 BC 

Now quite close to, and a little earlier than  
the date for the plant material. 
 
Lower pit shell (revised) 

conventional age 12888 14C BP ±160 
ΔR = 1100–405 ≈ 700 ±50 
Marine09 

11837: 11497 = 11667 ±178 BC 

I do not know why the dates for the upper 
pit beach should be more recent than the 
date for the lower pit beach.  A falling sea 
level would predict the opposite.  An “old 
carbon” effect? or long-dead shells? 

4.  Tait Road Pond 
No previous measurements. 

Sample GI-TT-01 
Radiocarbon AMS 
Laboratory number: UOC-14088 

Taken from the narrow marine layer at the 
top of the grey-blue stratum (silty-fine sand) 
at the boundary with the fossil-free orange 
silty-sand.  49º9.128’ N,  123º46.790’ W  
surface elev: 104 m, fossil elev. 100 m. 

Conventional age 13249±41 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
14989: 14300 (2-sigma) 

Using Marine09 with the now preferred 
ΔR = 700  ±50 gives a date (1-sigma): 
12125: 11937 = 12031 ±94 BC. 

Sample GI-TT-02 
Radiocarbon AMS 
Laboratory number: UOC-14089 

From practically the same location as GI-
TT-01.  Sample extracted with tweezers 
from the slightly concreted pure grey 
matrix.  Many shells with their valves still 
connected there. 49º9.128’ N,  123º46.790’ 
W  surface elev: 104 m, fossil elev. 100 m 

Conventional age 13198±38 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
14920: 14229 (2-sigma) 

Using Marine09 with ΔR = 700  ±50 gives a 
date (1-sigma): 
12068: 11901 = 11985 ±84 BC. 

Consolidation 

The two median results are only 46 years 
apart, which is acceptable. 

The mean date for the samples that are 
within the 1-sigma range of both samples is 
12031: 11985 = 12008 BC. 

15. Elgie Farm Ponds 
No previous measurements. 

Sample GI-EL-01 
Radiocarbon AMS 
Laboratory number: UOC-14084 

Elgie Rd. pit east site, marine clay, 3 m 
below surface, 49º9.240’ N, 123º46.740’ W, 
surface elev. approx. 95 m. 

Conventional age 12892 ±42 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
14350: 13777 (2-sigma) 

Using Marine09 with the now preferred 
ΔR = 700  ±50 gives dates (1-sigma): 
11793: 11619 = 11706 ±87 BC (prob. 0.86 ) 
11595: 11560 = 11578 ±18 BC (prob. 0.14 ) 

Sample GI-EL-02 
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Radiocarbon AMS 
Laboratory number: UOC-14085 

Elgie Rd. pit west site, marine clay, 4 m 
below surface, 49º9.300’ N, 123º46.800’, 
surface elev. approx. 95 m. 

Conventional age 12986 ±38 14C BP 
ΔR=284 ±58: 
calibrated BP using OxCal v4.4: 
14560: 13895 (2-sigma) 

Using Marine09 with the now preferred 
ΔR = 700  ±50 gives a date (1-sigma): 
11877: 11704 = 11791 ±87 BC 

Consolidation 

The two median results, taking the most 
likely one for GI-EL-01 are only 85 years 
apart, which is acceptable given their 
slightly different locations. 

The mean date for the samples is 11706: 
11791 = 11749 BC. 

Summary 
Graph notes 
The six green triangles mark the six new dates, 
all shells with ΔR = 700, Marine09 (R ≈ 405).  
The green diamond is a similarly calibrated 
assessment of the shells collected earlier from 
the lower pit. 

The green trendline is for the six new dates only.  
It should not be extended to more recent than 
11200 BC; the evidence is that the rate of 
decrease in sea-level slowed after that, possibly 
not reaching the modern value until more recent 
than 10500 BC.  It should also not be extended 
beyond 104 m AMSL which is the likely 
maximum sea level height.        

The trendline is: 
y = –6.9465E–5 x2 + 1.7042 x – 10346 
The linear trend is –84mm/year. 

The red diamonds are from non-marine beach 
plants assessed earlier using InterCal09. ◊ 
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