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dominant. There are no distinct “contacts”, or boundaries between some formations, and most 

contain some sandstone and mudstone, often in alternating layers. 

Of the eleven defined formations within the Nanaimo Group in the Gulf Island region, only some are 

visible at surface on Gabriola, Mudge, and DeCourcy Islands. This is because the rocks have been 

folded, tilted and eroded over time so that in some places only some rock formations exist above sea 

level. The formations observed on Gabriola, Mudge, and DeCourcy Islands include: 

 The Gabriola Formation, which is usually a thick layer of sandstone. This is what is often 

observed forming higher elevation cliffs around Gabriola Island.  

 The Spray Formation, which is composed mostly of siltstone and mudstone and is 

associated with steps or terraces in the overall ground surface on Gabriola. These rocks are 

usually observed at the bottom of cliffs, where past wave action or runoff has eroded the 

mudstone more easily than the sandstone.  

 The Geoffrey Formation, which forms much of the lower elevation part of Gabriola Island, is 

composed of thick sandstone and conglomerate layers (or beds in geological terminology).  

 The Northumberland Formation is found at even lower elevations, and outcrops along some 

shores of Gabriola Island and makes up the ocean bed between Gabriola, Mudge, and 

DeCourcy Islands. These rocks are similar to the Spray Formation in that silty mudstone is 

dominant, but there are also some layers that have been altered to clay, as well as some 

conglomerate layers. This rock formation is relatively thick. 

 Deeper still is the DeCourcy Formation, which is made up mostly of sandstone with some 

siltstone and mudstone. This rock formation is found deep below Gabriola Island, and also, 

due to folding of the sedimentary rock layers, to the south of Gabriola along the shores of 

Mudge and DeCourcy Islands. 

 Lastly, and exposed only on Mudge Island is the Cedar District Formation, which is a mix of 

thin layers of siltstone, mudstone, and sandstone. 

The regional structural geology describes how the Nanaimo Group rocks were folded and faulted 

over time. On Gabriola Island, the largest geological structure is a syncline fold (Figure 3), in which 

the rock layers are deformed into a gentle u-shape, the lowest part of which occurs within the middle 

of the island.  

The land shapes (surface topography) of Gabriola and the smaller islands were formed from the 

originally folded rocks by erosion, mostly by ocean waves, through chemical weathering above sea 

level, and by glacial ice scraping. Wave erosion was significant and eroded the weakest geological 

units, producing terrace-like steps corresponding to various historical mean sea levels. 

The sandstone rocks are resistant to erosion because they are very strong and less fractured, 

allowing them to stand as nearly vertical cliffs. Cliffs along the Northumberland Channel, visible from 

the ferry, just around the corner from Descanso Bay, are made up of Geoffrey Formation sandstone 

and conglomerate, while those farther south toward Dodd Narrows are made up of sandstone of the 

Gabriola Formation. Cliffs along the north side of the island are mostly Geoffrey Formation 

sandstone. 
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side, the rocks are usually more intensely fractured and this usually corresponds to faster 

groundwater flow. Wells drilled near faults are often very productive, as seen on other Gulf Islands. 

2.2.2 Hydraulic Properties  

The fractured rocks have certain properties which describe how rapidly groundwater can move 

through the fractures and how much groundwater can be stored in them. These properties control 

how much water can be pumped and the properties can vary across different areas or between 

different rock units. To better understand these properties on the islands, published reports were 

reviewed and some testing was done as part of this project. 

The review of published test data indicates that there is not much difference in these properties 

between different geological formations. It is difficult to tell how representative these test data may 

be; there has never been an island-wide test program to understand how these properties may vary 

between different rock types or between wells screened in specific geological layers. The tests on 

Gabriola and the other Gulf Islands were usually located in large fracture zones, which seem to have 

more groundwater flow than normally fractured rock. Observations of groundwater seepage and the 

shape of the water table suggest that there should be some differences in hydraulic properties 

between units. 

Figure 5: Ocean tides and water level fluctuations in 
wells. 

(note: details are in Appendix C) 

During the late summer of 2012, SRK installed 10 water 

level recorders in different pumping wells around the 

island to do a tidal analysis. Tidal analysis uses the 

response of the water level in wells to ocean tides to allow 

an estimation of hydrogeological properties. Figure 5 

illustrates how water level in a well is compared to a local 

tidal cycle.  Like any test method, it has its limitations, but 

as long as ocean tides are measured in well water levels, 

the hydrogeological properties of rocks can be calculated. 

In most residential and Ministry of Environment observation wells the groundwater levels respond to 

ocean tides, some very slightly and a few very strongly.  

The hydrogeological properties derived from these analyses show a lot of differences over Gabriola 

Island, with the most transmissive rock near fracture zones in sandstone. Along the north and south 

shores of Gabriola Island, where the Northumberland Formation is present, the test results suggest 

effects of “confining layers”, which are layers that do not allow much groundwater flow and which 

may be related to clay identified in drilling logs.   

The results of all tests and other observations can be used to define different hydrogeological units. 
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2.5 Groundwater Recharge and Discharge 

On islands surrounded by sea water, such as Gabriola, Mudge, and DeCourcy, groundwater 

recharge occurs only from precipitation that falls on the islands and not from any lateral flow from 

other land areas across the sea channels. This is widely recognized in observations and theory of 

groundwater flow in this geographic setting. Although precipitation is measured directly by rain 

gauges, the water that infiltrates to fractured rock aquifer is not measured directly by any 

instruments, only indirectly through observations of water level changes over time or through 

numerical groundwater flow models. Recharge is variable in space and may be low in some areas 

and much higher in other areas. 

The fractured rock aquifers are transmissive enough to fill and drain rapidly, but in its “drained state” 

at the end of the summer season, the water table remains relatively high and not far below the 

ground surface.  There is only a small variation in the water level over the seasons, so the low and 

high water level is very similar in terms of water elevation.  For example, a well situated away from 

shore has water table elevation of 70m above sea level, and the variation of water table from 

summer to winter is only a few metres.  That represents less than 5% of seasonal variation in water 

table elevation.  Individual rain events also cause a rapid but relatively small change in water levels.  

After large rain events, the water table level increases quickly until it reaches a point where 

groundwater outflow balances the recharge inflow. The drainage might be occurring along bedding 

planes of large and small mudstone interbeds within sandstone or on top of the large mudstone units 

such as the Spray Formation.  The overall shape of the water table resembles the ground 

topography and it does not change very much over the year. 

2.5.1 Surface Water on Gabriola Island 

There is a significant amount of surface runoff during the rainy season on Gabriola Island. Following 

each rain event and resulting quick rise in water level, groundwater discharge rates increase and 

more groundwater seeps out to springs, surface streams, and ocean shores. The island is covered 

with ephemeral creeks that flow for a period of only a week or two then dry up again until the next 

rainy period. Many small streams drain into the subsurface (a few to 20 metres below ground), flow 

through fractures, and discharge again at lower elevation as springs. Small springs feed the streams, 

but most springs are ephemeral as well. Discharge to the sea may be completely hidden from view, 

except where groundwater seeps from rock outcrops and onto shores. This would suggest that 

runoff is much larger on Gabriola Island than previously estimated and that groundwater recharge 

may be lower. 

The largest surface water body on Gabriola Island is Hoggan Lake.  Measurements of lake levels and 

outflow contribute to the only known catchment scale runoff estimate on Gabriola Island. Runoff from 

these data is estimated to be about 60% of annual precipitation. With a large evaporation rate for the Gulf 

Islands region, the recharge rate is not expected to be very large on average. 
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2.5.2 Estimating Groundwater Recharge from Precipitation 

The annual recharge rate is the rain (and snowmelt) water which infiltrates below soil and into the 

fractured rock aquifer.  Recharge supplies the groundwater which continuously flows through the 

aquifer and discharges to the sea, springs, or pumping wells.   The annual recharge rates were 

expressed as a percentage of mean annual precipitation and were estimated using various methods 

and reviewed (Appendix B). The recharge rate considered here was calculated from water level 

fluctuation during large rain events. Results show that during the first prolonged rainy period in 

autumn, the aquifer is recharged rapidly as a large proportion of the recharge is converted to 

replenishment of aquifer storage (water level recovery). 

During winter there is excess rainfall; however, this excess rainfall is not converted to increasing 

groundwater levels as rainfall increases. The seasonal maximum water level has a definite range of 

variation that is not related to how intense the rain storms are in autumn or winter. A wetter winter 

does not result in significantly more groundwater storage in the following summer. More rain causes 

more runoff to streams and springs and seepage of groundwater to the ocean also increases. 

Recharge is very low during the dry season. A late onset of autumn rains or a very long dry period 

does not result in significantly lower water levels in the aquifer because the natural drainage rate 

slows down as water levels decrease. All that is needed is the first large rain period and then enough 

rain events during winter to maintain the high water level, which is approximately 2 to 3 metres 

above the annual minimum water level occurring during the dry period.  

The analysis of water fluctuations on Gabriola Island showed (in Appendix B) that only a small 

volume of infiltrated water from precipitation from large rain events is stored in the aquifer, causing a 

change in water level.  The recharge process is very dynamic and it must not only fill the rock 

fractures to raise water levels, but also to maintain the natural discharge of groundwater to the sea.  

The Gulf Islands, because of their small size and fractured rock properties, may receive a large 

recharge rate but almost all of the recharged groundwater quickly discharges to the sea.  Although 

we cannot measure it, it is possible that as water demand increases over time due to population 

increase, more and more of the available recharge will infiltrate and replenish the aquifer and less 

and less will discharge to the sea.  This might explain the observation that there are no significant 

long term trends of water levels on Gabriola Island but clearly more and more pumping wells have 

been drilled and used over the years. 

The representative recharge-rate range for Gabriola and nearby islands is estimated to be between 

10 and 25%. The lower value of 10% was estimated in various engineering studies on the Gulf 

Islands and on the east coast of Vancouver Island in the rain shadow climatic zone. This value 

assumes a low specific yield. The higher recharge estimate is larger than the upper limit of recharge 

values shown by the method of fluctuation in water table and is a typical value for many regional 

aquifers in south-western B.C. The true recharge rate is not known and is assumed to be in the 

selected range (of 10 to 25%). 

Recharge, however, is a highly spatially variable depending on soil type, bedrock geology, 

vegetation cover, and depth to water table. Near fracture zones, the recharge rate may be 

significantly higher, whilst in lower permeability areas, it may be low. 




