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The path of least resistance 
 
Water is such a driving force in our lives, in our 
physical world, that it is nearly impossible to 
underestimate it.  In a paradox not always 
appreciated, water remains formless and yielding 
and is, at the same time, responsible for much of 
the structure and many of the events that shape 
our globe.    
 
The recent suite of storms as winter approaches 
have highlighted our vulnerability.  Not only have 
our slopes been attacked by storm cells and high 
pore pressures, our streams by shear volume and 
power, but even our air has been impacted as 
heat transfer at several scales has resulted in 
ferocious winds. 
 
Early snows meant ski days, last minute day care 
and delicate negotiations on slippery roads. 
 
Water is the driving force behind this issue.  It is 
cliché, perhaps, to say that water is the stuff of 
life; cliché but true.  Water shortages may be 
devastating, particularly in a region that is so well 
drained and where the bedrock is so close to the 
surface such as coastal British Columbia.  It is 
here that we have an interest in understanding the 
long term trends of groundwater.  Pat Lapcevic, 
Silvia Kenny and Mike Wei consider exactly this 
problem for the Gulf Islands. 
 
Carol Ramsey and Paul Griffiths introduce us to 
karst; an ever evolving landscape of soluble 
bedrock on which water is continuously acting.   
 
As always, there are other tidbits throughout, and 
the influence of water in each of these should be 
self evident. 
 
Enjoy the upcoming holidays, share a glass of 
something wet with a loved one and we’ll talk 
again in the spring. 
 

 
Comments on any of the articles, or the 
newsletter can be sent to me at: 
 
richard.guthrie@gov.bc.ca
 
Past issues of Island Geoscience are catalogued 
at the Ministry of Forests Library: 
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm
 
If you are getting this newsletter and do not want 
it, please send me an Email at the above address 
and let me know.   
 
Continued thanks to all the folks who send me 
feedback, or pass this newsletter on to a friend or 
colleague.   
 
Rick. 
 
Rick Guthrie, MSc, PGeo, 
Regional Geomorphologist 
 
Ministry of Environment,  
Vancouver Island Region 
2080 A Labieux Road 
Nanaimo BC, V9T 6J9 
250-751-3138 
 

 
The rainforest biome where the majority of karst in coastal BC 
is found. A cave entrance is visible in the background. Note 
the water in the foreground. 

http://www.cancaver.ca/conserv/index.htm
mailto:Richard.guthrie@gems6.gov.bc.ca
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm


An Introduction to Karst landscapes 
on Vancouver Island  
Carol Ramsey and Paul Griffiths 
 
Formed by the dissolution of limestone, marble, 
dolomite or gypsum, karst is a unique combination 
of landforms that include caves, arches, canyons, 
springs and sinkholes, as well as finer relief 
patterns on bedrock.  
 

Figure 1.  Bedrock exposures in karst terrains often exhibit 
rounded relief features that reflect the solution process. 
 
As a rule, karst is characterized by disrupted or 
underground drainage, as well as the presence of 
specific features such as disappearing streams, 
shafts, caves and springs. Sinkholes are the most 
typical features of a karst landscape. Bedrock 
exposures in karstified terrain often exhibit very 
distinctive rounded or fluted micro-relief features, 
rills, pits, hollows and runnels, which are products 
of the solution process.  
 

 
Figure 2.  A small stream disappears at the foot of a limestone 
wall. 
 

However, karst is more than just distinctive 
landforms and drainage patterns arising from 
greater rock solubility. Nearly all karst experts go 
one step further and describe karst as a three-
dimensional landscape that functions as a 
distinctive and sensitive ecosystem.  
 
Caves provide a stable environment that in turn 
provide habitat to large carnivores, birds and 
small mammals.  Temperatures inside caves tend 
to be cooler in summer and warmer in winter than 
ambient air temperatures, and as a result, caves 
are also used by large ungulates such as deer 
and elk.  For some animals, bats or troglobites (a 
cave dwelling shrimp like crustacean) for 
example, caves may be critical habitat.   
 
Fortunately for scientists, the underground 
conditions associated with limestone: alkaline, 
cool, dark and typically undisturbed, mean that 
caves may be a cornucopia of archaeological and 
biological remains. 
 

 
 
Figure 3. Often in karst caves the absence of light, cool 
temperatures, and alkaline conditions, among other factors, 
mean that animal remains are well-preserved. 
 
 

http://www.for.gov.bc.ca/hfd/pubs/Docs/Wp/Wp51.htm
http://www.island.net/~subterra/FAQ.htm


Some of the factors that have promoted the 
development of Vancouver Island’s karst 
topography include: 

Carol Ramsey is an anthropologist and cave 
specialist who has been actively involved in 
research related to karst in coastal BC for several 
years, including the famous K1 cave on the 
Queen Charlotte Islands (she is the intrepid 
explorer shown in Figure 3). Carol can be reached 
at: sciurus46@yahoo.ca.  Paul Griffiths has been 
called BC’s leading caver.  He is unquestionably a 
devoted champion of karst and karst issues in a 
career spanning several decades.  Paul may be 
contacted by Email: pgriff@island.net.   

 
• High rainfall, which provides the water needed 

for the solution process 
• High purity carbonates (notably the Quatsino 

and Buttle Lake Formation limestones) 
• Forest soils, producing large amounts of 

carbon dioxide (picked up by the water 
percolating through the soil to form a weak 
solution of carbonic acid).  

Several karst resources may be accessed by 
clicking on the pictures in the digital version of this 
document. 

• Tectonics – folding, faulting, uplifting and 
tilting create topographic relief and fractures 
in the bedrock that can be exploited by water 

  
Monitoring Groundwater on the Gulf 
Islands 

A heightened connectivity between the surface 
and subsurface elements of the karst system can 
pose interesting challenges to land managers 
because the effects of activities or disturbances 
on the surface of karst landscapes can be readily 
transmitted to the subsurface.  The next issue of 
Island Geoscience will examine some of the 
challenges of, and approaches to, managing karst 
in BC’s coastal temperate rainforests. 

Pat Lapcevic, Sylvia Kenny and Mike Wei 
 
Introduction 
 
On the Gulf Islands, both full-time and summer 
residents rely on the groundwater resources of 
the Upper Cretaceous Nanaimo Group of 
sandstone, conglomerate and shale formations as 
a primary source of water.  Continued 
development, population growth and climate 
change in the decades to come are expected to 
place added pressure on these finite groundwater 
resources. Long-term temporal measurements 
obtained from dedicated observation wells are 
important to ensure that decision makers have 
appropriate technical data to protect and manage 
groundwater resources in a sustainable manner 
for future generations. 

 

 

Hydrogeology 
 
Bedrock on the Gulf Islands is predominantly 
sedimentary rock of the Upper Cretaceous 
Nanaimo Group.  The Nanaimo Group is 
interpreted as a marine sedimentary sequence, 
up to 4 km thick, of inter-layered sandstone, 
conglomerate, mudstone and siltstone (Mustard, 
1994).  The permeability of a bedrock aquifer can 
be highly variable in different locations, and 
depends upon how wide, dense and connected 
fractures in the rock are. In the Nanaimo Group 
the mudstone dominated lithologies are thought to 
be more permeable than the sandstone or 
conglomerate dominated bedrock.  

  Figure 4.  Rugged karst topography on the ground surface 
(from BC Ministry of Forests 1997 publication: Karst in British 
Columbia, http://www.for.gov.bc.ca/hfp/publications/00192/.) 

 

http://www.for.gov.bc.ca/hfp/publications/00192/ABORIGIN.HTM
http://www.for.gov.bc.ca/hfp/publications/00192/
mailto:sciurus46@yahoo.ca
mailto:pgriff@island.net


 
 

Figure 1.  Schematic cross-section showing groundwater issues (pumping depletion and saltwater intrusion) that may occur in aquifers in 
coastal British Columbia (diagram by Richard Franklin for Geoscape Nanaimo: http://geoscape.nrcan.gc.ca/nanaimo/index_e.php).   

 
If an aquifer is overlain by impermeable material 
such as clay-rich sediments, the aquifer is 
considered confined and may be protected to a 
greater degree from potential contaminants 
introduced at the surface. Surficial deposits on the 
Gulf Islands range from non-existent to a 
maximum of about 15 m thick. Hence the aquifers 
tend to be largely unconfined to partially-confined 
with isolated confined areas, as evident through 
the presence of artesian wells.  Regional 
groundwater flow is expected to be from higher 
elevations in the centre of the islands to discharge 
into the ocean. 

Observation well network 
 
Since 1961, the British Columbia Ministry of 
Environment has operated a network of dedicated 
observation wells throughout the province. There 
are currently 57 wells that are actively being 
monitored in the Vancouver Island region. The 
length of available record ranges from 40 years to 
less than 1 year.  Water level measurements over 
time have been obtained from the wells using 
various methods including manual readings or 
continuous monitoring instrumentation. 
Groundwater samples are collected from each well 
approximately once every three years during the 
dry period (late summer to early fall). Overall, the 
network provides a measure of both the quality 
and quantity of groundwater resources over time 
in a number of different types of aquifers in the 
region.   

Long term trends in water levels 
 
Herein we present data from a long-term 
observation well on Galiano Island (Figure 2).  As 
on most of the Gulf Islands, Galiano Island 
residents rely on groundwater extracted from 
bedrock wells for most of their potable water 
supply.   
 

 
 
Figure 2.  Location of Galiano Island observation well (#258). 

http://geoscape.nrcan.gc.ca/nanaimo/water_underground_e.php
http://geoscape.nrcan.gc.ca/h2o/gulf/index_e.php
http://geoscape.nrcan.gc.ca/nanaimo/index_e.php


Nanaimo Group sediments form a fractured 
aquifer which encompasses the entire island and 
is developed primarily in coastal areas.  The 
observation well is 104 m deep and completed in 
sandstone. Figure 3a shows the annual cyclical 
variation in water level within the well over about 
25 years.   Figure 3b shows a detailed hydrograph 
for the last two and half years, with precipitation 
shown on a secondary axis (in red).  The water 
level responds quickly (within less than a day) to 
precipitation over 10 mm. The annual minimum 
water level in this observation well has decreased 
by about 8 m over the monitoring period (Figure 
3c).  This is probably related to increased use of 
the aquifer in a developed area with numerous 
private wells.  The maximum water level is not 
trending downwards and recovers to a similar level 
each winter, suggesting that the usage to date is 
sustainable.  However, while the total annual 
output may not be exceeding precipitation inputs, 
seasonal water availability is a critical issue. 
Excessive pumping of this coastal aquifer could 
lead to changes in the fresh-water/salt-water 
interface and to salt water intrusion, which could 
affect wells located close to the sea shore. 

Summary 
 
Maintaining a long-term groundwater monitoring 
network for decades presents both opportunities 
and challenges.  Dedicated observation wells 
provide water managers with essential data 
needed to better understand the conditions and 
response to stresses in aquifers over the long-
term.   
 
The Vancouver Island Network currently monitors 
groundwater levels and quality in 57 wells, found 
primarily on the east side of Vancouver Island and 
on most of the larger Gulf Islands. The limiting 
factor to recharge of fractured rock aquifers is the 
low storage capacity of the rock system and not 
the amount of available precipitation. Most of the 
observation wells indicate that the groundwater 
resource is being used in a sustainable manner. 
However, in several areas, usage is increasing 
during times when there is little to no recharge, 
suggesting that careful management is needed to 
ensure that deepening groundwater levels do not 
lead to water shortages during dry summer 
periods, or to irreparable changes in groundwater 
quality, such as salt water intrusion. 

References 
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Figure 3.  (a) Hydrograph for Well 258 on Galiano Island, 
(b) Detailed hydrograph compared to daily total precipitation 
(M= missing data) and (c) Trends in annual maximum and 
minimum water levels in observation well on Galiano Island.  

 
Pat Lapcevic and Sylvia Kenny both work for the 
Ministry of Environment in Nanaimo Regional 
Office as the Regional Hydrogeologist and 
Groundwater Protection Officer respectively. Mike 
Wei is Senior Ground Water Hydrologist and 
Deputy Comptroller of Water Rights for the 
Ministry of Environment in Victoria.  
 

http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/index.html
http://www.climate.weatheroffice.ec.gc.ca/climateData/canada_e.html
http://www.climate.weatheroffice.ec.gc.ca/climateData/canada_e.html


The above article is an excerpt from a paper 
presented at the Canadian Geotechnical Society 
and International Association of Hydrogeologists 
Conference held in Vancouver, October 2006.  
The complete paper can be obtained from Pat 
Lapcevic at Pat.Lapcevic@gov.bc.ca. 
 
Data from the Ministry’s Groundwater Observation 
wells can be downloaded from: 
 
http://srmapps.gov.bc.ca/apps/gwl/disclaimerInit.do
 
January 25 in Victoria:  Landslides and 
Forest Operations on Vancouver Island
 

 
The workshop, Landslides and Forest Operations 
on Vancouver Island: Understanding Your Hazard 
and Lowering Your Risk was a huge success!  As a 
result, and by request, we added one final date for 
delivery out of Victoria. 
 
To date we’ve delivered the course to about 115 
geotechnical consultants, forest engineers, 
foresters, government C&E staff and a smattering 
of biologists and technicians.  Post workshop 
comments were very generous about the delivery, 
content and the usefulness of the course.   
 
The workshop is heavily focussed on research 
conducted at the Ministry of Environment since 
2000, and draws primarily from published or 
submitted scientific papers.  The goal is to bring 
you up to speed on a large volume of information 
in as short a time as possible, and leave you with 
some management tools.  It will incorporate new 
current information that is publicly available from 
other sources as well (MOF, Forest Practices 
Board etc).  There is an agenda available on the 
registration site: 
 
 http://www.selkirk-
management.com/landslides_and_forest_ops.html  
 
Workshop topics include: landslide frequencies, 
magnitudes, distribution, triggering factors, major 
controls on landslides, the heterogeneity of 
Vancouver Island, run-out and impacts.  In 
addition, and not on the agenda, we get into 
tolerability criteria for the first time on the coast.  In 

each of the previous cities, this led to considerable 
and valuable discussions. 
 
Each participant will receive a CD that includes a 
summary of key elements of the workshop, all the 
relevant scientific papers, full scale maps (JPGs) 
and GIS data for Vancouver Island. 
 
…comments were very generous about 
the delivery, content and the 
usefulness of the course... 
 
We are still subsidizing the cost of registration if 
you fill out the questionnaire, making the course 
cost only $55 (including a lunch and the CD).   

 
For more information, contact Rick Guthrie at: 
richard.guthrie@gov.bc.ca or Robin Pike at: 
Robin.G.Pike@gov.bc.ca.   
 
 

http://www.selkirk-management.com/landslides_and_forest_ops.html
http://www.selkirk-management.com/landslides_and_forest_ops.html
mailto:Pat.Lapcevic@gov.bc.ca
http://srmapps.gov.bc.ca/apps/gwl/disclaimerInit.do
http://www.selkirk-management.com/landslides_and_forest_ops.html
http://www.selkirk-management.com/landslides_and_forest_ops.html
http://www.selkirk-management.com/landslides_and_forest_ops.html
http://www.selkirk-management.com/landslides_and_forest_ops.html
mailto:richard.guthrie@gov.bc.ca
mailto:Robin.G.Pike@gov.bc.ca


Introducing: He lives in Nanaimo with his wife and two 
daughters, occasionally referring to him as his own 
Dixie Chicks. 

 
Brian Epps is a Water Resources Technologist 
currently working as the Source Water Protection 
Specialist for Vancouver Island Region, Ministry of 
Environment.  Brian is primarily responsible for 
leading a multi-agency approach to drinking water 
protection including water quality standards, 
monitoring and compliance and enforcement. 

 
Brian can be reached at 250-751-3141 or by Email 
at:  Brian.Epps@gov.bc.ca  
 
Upcoming conferences: 
 

 

 

 

River Restoration Northwest 
 
Registration is open for the 6th annual Northwest 
Stream Restoration Design Symposium:  
http://www.rrnw.org/skamania2007/index.htm    
 
River Restoration Northwest (RRNW) is a not for 
profit scientific and educational organization 
founded to advance the science and standards of 
river restoration practice.  The ambitious agenda 
this year includes several key Canadians talking 
about their experiences and research on river 
restoration including: Richard Hebda (Adjunct at 
UVic, curator for the Royal BC Museum), Ken 
Ashley (Adjunct at UBC, GVRD, notable fish 
biologist), Bob Newbury (consultant, professor at 
UNB and Waterloo and designer of restoration 
structures including the famous ‘Newbury Weirs’), 
and Rob Millar (UBC professor instrumental in our 
understanding of the stabilizing role of bank 
vegetation). 

Next issue: 
 
Missed this time, we will discuss landslides and 
formative events, the persistence time of 
landforms.  We’ll also have Part II of the karst 
article. 

 
A graduate of the environmental science program 
in Lethbridge Alberta, Brian’s been with the 
ministry in one form or another since 1986.  Most 
of his time has been spent within the water 
program where he’s built a reputation for 
competence and a common sense approach to 
problems.   

 
-RHG   

 
Editor’s note:  If you have an article or research 
paper that you would like to see here next time, 
please let me know at richard.guthrie@gems6.gov.bc.ca 
 

Field work:  Port Alice estuary 

 

http://www.rrnw.org/skamania2007/index.htm
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