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Paleoclimate reconstruction is an important tool used by climate scientists in order to 
understand and predict past, modern and future climate-related issues. Proxies, such as 
speleothems, can help us to form these climate reconstructions using Uranium-series dating in 
conjunction with oxygen isotope ratios. Three coastal BC caves have been used in regional 
paleoclimate reconstructions and will be analyzed in comparison to each other and other proxy 
data to determine their validity in unravelling the paleoclimatic history of coastal British 
Columbia.

• Uranium-Thorium series radiometric dating by mass spectrometer is used in order to 
determine the ages at which speleothems formed and at what rate they grew .3

• 234U decays to its daughter isotope 230Th with a half-life of 245, 000 years and an upper 
age limit of somewhat over 500, 000 years.3

• Thorium is insoluble in water so it is assured that there will be the necessary detrital 
contamination of thorium during speleothem formation.3

• Requirements for reliable age results are clean non-recrystallized calcite with a 
concentration greater than 0.1ppm uranium.3

Cascade Cave: 
• East of Port Alberni at 365 meters above sea level is an active stream cave 

containing both ancient and modern speleothems.5
• 1981: A study on seven speleothems using radiometric age dating and 18O  

isotopic studies to indicate paleotemperature conditions. Uranium ages clustered 
between 67-28 Ka and 23-10 Ka. Zero speleothem growth is seen between 28-
20Ka concordant with the Frasier glaciation. An absence of speleothems older 
than 67 Ka may indicate that there was an intense glacial period before this time. 
This may correlate with the early Wisconsin glaciation.5

• The isotopic paleotemperature curve determined for Cascade Cave during the 
1981 study shows good agreement with proxy data with from this time period 
(Figure 1).5

Figure 5 (above): 
Paleotemperature for Cascade 
Cave, Vancouver Island from 

1981 18O isotope data. Modern 
cave temperature is about 8°C.5

Figure 6 (above): 
Paleotemperature record for 
Vancouver Island determined from 
Jacklah Jill 2008 isotope data 
(black circles). Modern cave 
temperature (dashed) and 
insolation (solid grey) are also 
shown.6

• Rainwater absorbs small amounts of CO2 from the atmosphere as it falls to the surface. 1

• Percolation through the soil and organic matter enriches the CO2 content further, until the 
water is transformed into a weak carbonic acid. 1

• It then travels through pore space, fractures or conduits, slowly dissolving carbonate 
bedrock.

• Upon dissolution, the calcium ions become in solution and travel until reaching the open air 
of a cave below. 1

• The solution degasses and releases CO2 when it reaches the cave, and because it is losing 
carbon dioxide it no longer has room to hold as many calcium ions in solution. 1

• This calcium is precipitated out of solution wherever water is flowing or dripping into a 
cave and creates differing types of speleothems.1

Figure 9 (above): three speleothems 
undergo a CT scan in order to identify 
uncontaminated micro-inclusions 
inside that can be used in oxygen 
isotope studies.11

Figure 2: Summary schematic of 
karst landscape and speleothem 
formation.2
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Figure 3: A speleothem undergoes 
U-Th dating in the lab.4

Figure 1: The entrance to 
Cascade Cave, Port Alberni.5

Figure 7: Comparison between estimated paleotemperatures and 18O 
isotopes data from Arch Caves 2009 study.9

Jacklah Jill Cave: 
• Located in the coastal mountains of Vancouver Island.6
• 2008: A study of one non-active speleothem was analyzed using U-Th dating, 18O isotope studies of the calcite itself as well as of the 

micro-inclusion fluid to indicate paleotemperature. Nine dates were determined, indicating growth within the speleothem between 10.4 
and 6 Ka and a paleotemperature curve was drawn using study results (Figure 2).6

Arch Caves: 
• A large cave network located on North-East Vancouver Island9

• 2009: One speleothem was used in conjunction with U-Th dating and 18O isotope ratios to construct a paleotemperature profile 
extending back 12, 200 years before present. The warmest recorded temperature correlates to the Younger Dryas, 8000 years ago and 
many cooling events are present in the profile. The radiometric and isotopic data correlates well with other regional paleoclimate 
proxies, including other speleothems from Vancouver Island.9

Figure 4: A map of the approximate cave locations 
used in this study.10

• Isotopic fractionation, the partitioning of isotopes between two coexisting substances, 
results in differing isotopic ratios in two substances.7

• Oxygen isotope geothermometry can be used to determine paleotemperature from 
carbonate minerals in which an age has been determined as the fractionation of oxygen 
isotopes between calcium carbonate minerals and ocean water at any given time is a 
function of the water temperature.7

• The abundance ratio of each 18O and 16O is used to determine paleotemperature because, as 
a whole, open ocean water is well mixed and is isotopically homogenous throughout. 16O 
has a lighter density and weaker bonds than 18O so evaporation over the ocean will 
produce vapor and condensation with higher 18O concentrations during time of increased 
energy, like in a time of increased temperature.7

• Fluid inclusions within speleothems are the most accurate way to obtain unfractionated 
inclusion fluids and micro forms of these inclusions are sought using MRI and CT scan 
technology so as not to contaminate the ancient fluid. These micro-inclusions are quite rare 
and, although scanning identifies multiple throughout most samples, only very few of 
these anomalies contain enough water for sufficient isotope studies.8

Figure 8 (above): CT imaging of axial planes of three types 
of stalagmites, used to test for fluid inclusions.11

Research Questions Result

Is there sufficient paleoclimate data from 
numerous coastal BC caves to verify the validity 
of collected data?

✓
Do the paleotemperature profiles from each cave 
studied show the same general trends in 
paleoclimate?

✓
Can speleothems assist in unravelling the 
paleoclimatic history of coastal British 
Columbia?

✓
• Conclusion: Yes, speleothems are an important and valid proxy in unravelling British 

Columbia’s paleoclimatic history
• Recommendations: Further studies of caves in this area and other could help to create a 

database in the future in order to collect more samples and create paleoclimate trend 
maps. More proxy data could be compared to existing speleothem paleoclimate graphs.
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• General oxygen isotope derived warming and cooling trends in Figures 6 (Jacklah Jill Cave) and 7 (Arch Caves), from 10.5 to 6ka agree 
with each other as well as with the estimated paleotemperatures.

• Figure 6 shows the change in insolation over the years 10.5 to 6ka as compared to Jacklah Jill Cave’s oxygen isotope temperature data, 
indicating that it has a slight influence on Earth’s surface temperature, but as the graphs do not align, it is not the only driving factor in 
these paleoclimate conditions.

• Figure 5 shows the paleotemperature data for Cascade Cave from 65 to 25ka, this is much older than the paleoclimate graphs for Jacklah
Jill and Arch Caves display, so a comparison for validity is impossible.

Oxygen Isotopes in Paleoclimate Reconstruction


