






ARCL 420 - Feb 10, 2026

..............................................

INST ANDREW MARTINDALE:	[2:05 p.m.] all right, everybody.

We seem to have the technical difficulties sorted, we're good to go.
Today we're going to embark on...part of our

class which will take us to a series of themes around archeology in this part of the world.	I used to do this chronologically but I'm increasingly concerned about the quality of the data that we have.	There's a chronological narrative that we create is probably the consequence of sampling more so than the actual evidence of history.	It's a complicated relationship. So I've chosen to do it thematically although this conversation about early stuff, which is a pretty wide basket of information.	And then from hereon in we'll explore thematically issues across archeology in this province and the neighbourhood.	And in doing so we'll tell the story of specific places -- your case studies will help us	in that regard -- and then broader trends, looking for patterns, but being aware that our sampling is still relatively modest, especially in the earliest part, this period.
What we really have with this early time period

are some methods, which today I'll talk about
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radiocarbon dating which will help us.	We have some context, histories of glaciation and climate developed over the late Pleistocene ice age, formerly known as the Holocene, although some would argue that we have the Anthropocene.	We're in a new geological epoch or era.	But the time period of the earliest evidence is really about case studies.	We don't have enough data really to argue for a lot of evidence, and every new discovery sort of broadens our understanding.	In sampling terms that means we don't really have a good picture of the breadth of difference that this time period represents.	 To use statistical language, we would say that the population, which is the entity we're trying to investigate, is too heterogenous, too complicated for our sample.		Our sample, the small window of things we look at, doesn't capture the breadth of patterning in the broader phenomenon.	So our sample size isn't quite enough to capture the patterns of history from this time period, and every new discovery reminds us of that because it takes us
in a slightly new direction.

There are some trends.	We'll talk about them, but I don't want to make too much about them because I don't know that our evidence is currently robust enough.	The sites that we do get are a little bit








idiosyncratic, partly because of preservation issues. There's a trend, a well-known trend in archaeology known as taphonomic decay, which sounds terrifying,
but it's not.	It just means that over time sites will

disappear.	And so going back in time, there are fewer sites remaining from earlier eras.	And this curve,
the loss of evidence, is exponential which means it happens quite dramatically over time.	The cause of some of these changes or this loss of the sites include human-borne effort, the destruction, developments, impacts of resource extraction and the
like, but some of them are just geological: Changes in

sea level, changes in land form, hiding things, covering things, eroding things.
STUDENT:	When you're referring to sites from the Pleistocene and early Holocene, are you referring to paleoanthropological?
INST ANDREW MARTINDALE:	Yeah, there's a lot of words for

this. These are geological terms. The Pleistocene is the era of known-- it's a long period -- known by the dramatic glaciation of this part of the world. And so the end of that glaciation is a huge event process
that has a dramatic impact on the landscape.	And that landscape is where people are living, glaciation effects are recorded in oral tradition, we talked








about it a little bit in the last class, and we have archaeological in the context of this period.
So this early phase is challenging and dramatic place.	Some of the authors we'll be looking at have made it their career to seek out these early locations.	Where do they go?	Our case study attributed...they go to a beach, which is uncommon. They go to caves.	And the reason for that is because caves have a geological stability that other parts of land forms don't.	People also hang out in caves. They're dry, they attract human activity, and other animals, typically because they provide a natural shelter.	If there is a cave and there are people around, people will use them.	They're geologically stable, so they will remain largely unimpacted by other geological forces for millennia.
People who look for the earliest time periods, and wanting to find them rather than waiting for them to be discovered, will often go to caves, and they'll reconstruct ancient sea levels.	One of the effects of that is the change of the relative relationship
between the ocean, the sea level and the land.	And it

is a little bit of the sea moving up and down, because glaciation is so enormous, a lot of water is frozen onto ice sheets that are on the land mass, dropping








over 100 metres, that's a lot of water.	But there are countering effects: The land itself moves around too, in part because of the great weight put on top of it. Weird things happen when the ice melts.	The water
gets filled up in the ocean and the earth starts to starts to swing back and forth, with varying degrees of amplitude.
The crust of the earth we live on feels very

stable, and it is, but it also acts like a liquid according to fluvial geologists who describe the mantle, the crusty parts of the earth, how this sits on that liquid core.	They move around in patterns
that actually look more like liquid, a very, very slow moving liquid.
So there's a lot of interesting things go on in this time-period.	There were some thoughts in archeology that there weren't any humans in this time period, but in fact our evidence now suggests, including Triquet Island, that they've been here for a long time.	Associations between populations of people here in North America, are closest around the world,
to population in northeastern Asia, and that

connection is one that involved people moving back and forth, as they continue to do today.	So there's an ongoing relationship around the Pacific Rim that is








part of this dynamic as well.	Again, the nature of those relationship remain, for many of us, unclear, although we get hints of that information as we proceed.
So we're looking at a series of snapshots and asking for a bigger picture.	There are some patterns, but it's difficult to put those together. If I'm honest with you, many parts of archaeology in
British Columbia are poorly sampled.	Our evidence is inadequate to fully account for the trends, although the last 2,000 years is better than the earliest timeframe.	So we're talking about going back 10,000 years.	That's a long time ago.	People were here. They are the ancestors of contemporary indigenous peoples; that is clear.	They lived, in some cases, a life that is some cases is not very different than people from 200 or 300 years ago.	There's a lot of continuity in this story, and that's interesting pattern, because many archaeologists expect change.
We expect change over time.	It's one of our

hypotheses, one of our assumptions in many ways.		That there's stability over a long period of time, it's a little bit antithetical to our theoretical view.		In fact, it's actually quite difficult to explain.	It's easy to explain change; people are volatile; things








happen; conflicts ensue, environments change.	Change is actually fairly easy to account for and to identify.	But continuity on the order of 5 or 10,000
years, that's difficult to explain, and that remains a

pattern that we see in the archaeological data, which I think many archaeologists in BC acknowledge, struggle to account for.	And beyond this area, I think they're amazed when we remind -- when I remind my colleagues that we have continuity for 5 to 10,000 years, they find that startling.	There's an extraordinary antiquity and conservatism to the traditions of people around here.
So let's take a look at some of the tools that we have.	We'll take a look at some of the events, some of the geological events that are part of the story, and then look at the patterns, and on Thursday we'll take a look at readings with some case studies and get a sense of what is going on.
I do want to talk a little bit about time...tools that archeologists use in monitoring and measuring time.	Since archaeology is about history, you'd think we would be good at this, but the answer is it's really quite difficult.	Figuring out time is challenging.	There are different ways to do so, obviously.	My list here includes calendrical years








through recorded time.	We'll talk about radiocarbon years and other clocks.		Radiocarbon years are not the same as calibrated ones.		We'll talk about the difference there.	We've got cycles of climate, cycles of geology that are clearly influencing people's
lives, there are trends that we see in the

environment, they impact ecology and speciation.	So they have influences that are relevant to humans over time period.
We also have historical time, and our colleagues

in geography and other social sciences have identified three scales of experiential time, at least in historical frames.	One is the time of short cycles, a scale.	Then a medium scale, the duration of life
spans and their collective memory of people who are alive.	That's a few generations.
And then there are these patterns, such as we see here in British Columbia, of time where there's continuity over thousands of years.	This long scale of time, the long duree, as the geographers of Europe tend to call it, for which there isn't a lot of
explanation.	We just note it and then wonder why, how

could tradition be maintaining that continuity for such a long period of time?
Geographers in Europe, by the way, think of it








as having a geological component than a geographical component, but the context doesn't change, and so culture is replicated over time because the circumstance of life is stable.	But I think here, as we talked about in the last class, some of the ingenuity and systems that people have created to maintain records suggest traditions, and the decisions are curating that similarity over time.	Gurpreet?
STUDENT:	Interesting thing I read, Mormonism, especially --
INST ANDREW MARTINDALE:	You're in the wrong class. [Laughter].
STUDENT:	I was just going to say the context was they

were looking at how certain cultures enforce a sort of tradition.	And one of the examples they used was in Mormonism, especially in the United States, the idea
is it enforces a community.	So you capitulate to it, you'll be pushed out.	This creates this idea that you would want to participate to perpetuate this culture.
INST ANDREW MARTINDALE:	I think if you're pointing out

that cultural conventions of community, coherence, creates structures around how we perceive the world, how we organize ourselves that we share, I think I agree with you.	I think time is one of those.	Our calendrical system our conventions of monitoring time








are a cultural project, as I think are these extraordinary spans of connectivity that we see in British Columbia. ...an instinct of humans, but instead of the scholarship and intentionality of indigenous peoples who have constructed and valorized connections across millennia, across many, many generations of their ancestors.
We have also of course experiential time, which

is different changes, as you well know.	This class makes time go really slowly; other places is goes really fast.	These kind of parts of our lives remind us that the time is a cultural quotient, because it's experienced by humans.	And the key is that figuring out what we want to know about history, which is informed by all of these things, is based in part about translation between them, and that's not always easy.	So the methods of each one are differentially applicable, and then connections between them can be more challenging.
Let's do -- perhaps you've encountered this in

other courses -- but I want to remind you about the importance of radiocarbon dating.	It is one of our key tools in archaeology.	I'll give you some slides and talk you through it, but I could spend a great deal of time talking about radiocarbon dating.	Is a








nuanced but reliable tool that has a lot of value, but a lot of kind of mathematics behind it to help us get from a measurement of carbon into years.
I want to introduce you to it because some of

the conversations we're going to have this week rely on these ideas.	Indeed much of the archaeological construction of history in British Columbia, it anchors itself through radiocarbon dates.	There are
other forms of clocks we can use archaeologically, but the one we have here is mostly radiocarbon dating, and it connects to oral traditions quite well. That's
part of what my research has been doing.

Archaeologists don't do enough radiocarbon dating here in British Columbia, in my mind.	It's a reliable tool that's not employed enough.	You need a lot of dates, or rather I should say, lots of dates help navigate complexities of history, and we haven't I think arrived at that solution yet here in British Columbia.	We're seeing that method taking over in other parts of the world, and I suspect it won't be long before archaeologists working here will start recognizing the importance of using composite date sets --
STUDENT:	Costs?

INST ANDREW MARTINDALE: ...identify the key issue.	Most








of the archaeology that we've talked about is done by consulting companies that are responding to government requirements based on proponent initiatives.
So their requirements do not include radiocarbon

dates.	They don't have to find out when an archaeological record is from, they only have to evaluate to mitigate it in the face of a developmental project.	Radiocarbon dating is expensive, they're a little bit weird to work with, and work best in the aggregate.	And as a result you don't see as many
done.	We have people like myself and other researchers to use them.	I suspect I've gotten more radiocarbon dates myself than all the other archaeologists in British Columbia combined.	I think so, because I ask questions in time, and I need a lot of dates.
It is a form of what we call absolute dating, which gives us years before present.	It's not the
only one that archaeologists use.	If we have them, we can use tree rings, which are actually an anchor and calibrator for radiocarbon dates.	We don't have too many tree rings in BC.	There are some sequences, but these typically occur in desert conditions.
We have of course -- not of course -- because

it's a different kind of radioactivity.	We have








radioactive absorption that includes heat and light. Different crystalline properties of soils and minerals can be, when exposed to light, reset a clock that then starts to accumulate evidence based on duration.
Again, we don't really use them that much.	This one is becoming more common, luminescence.	Crystaline structures which are in almost every sediment, when they're buried under developments, they start losing light.	They trap light when exposed to it, but as
they get put into darkness, they lose it at a regular

time scale. So we can take a crystalline structure and then evaluate how much light is left in them to act as a proxy of time.
It's still in development.	There's a

geoscientist at SFU that does this work.	It's showing a lot of potential.	And of course we get a lot of stuff that gets buried, so in darkness for however
long since the site of interest was used or at least

shortly after that.

It does mean a weird field component, you have to collect your soil samples in the dark, and we have collected them under tarps and bags, what we typically do in a settlement wall.	We'll take tubes of piping, plastic piping, ABS piping, and hammer them in and
pull them out and seal them, and that captures the








sediments in the tube without exposing them to light.

Magnetic effects can also occur with thermal patterns.	If you heat clay, you create a bit of a compass that will capture the earth's magnetic field which changes over time.	And so there's an opportunity to evaluate where and when the magnetic field align with the heat.
And certain crystalline structures in stone will

absorb water in patterns that will give, again, a migration boundary, a moving thing that changes over time that you can evaluate.	In this case, a crystalline volcanic glass obsidian, when you break it -- and people do to make a tool out of it, it
starts to absorb water.	The distance that it travels

is a proxy for time.	Not a particularly good one. None of those work really well.
This however, work really well.	These are radiometric decay clocks.	These are things that cause a predictable pattern of change at a molecular level
in materials.	That clock is pretty stable.	Depends

on the material.	We have a few of them.	This is the one we use most commonly because its range of age goes back about 50,000 years or so, from about 200 years or so, so right in the window of a lot of human history.
We can do it with potassium argon transitions








and uranium series.	This is what you'll see when people are talking about homonym history, homo habilis, homo erectus, that kind of stuff, Australopithecus, all the ones that are difficult to spell -- Paranthropaboisy.	There are some really weird ones in the inventory.
But the point is that's a time period beyond this one, so we have other technologies.	This one is are useful for a couple of reasons.	The time window is good and the clock is built into organic material that was alive.	And of course as you likely can see, humans are alive, so we have a clock built into us, and humans use a lot of things that were once living. We're leaving a register of things that act like realtime clocks that you can go and evaluate.
The system is pretty simple.	I like this

picture.	It starts in the upper atmosphere, the sun's energy causes -- is so powerful in the upper atmosphere.	We are protected by that atmospheric buffer and the magnetic field of the earth, but
creates an atomic reaction that generates from nitrogen a radioactively unstable form of carbon, known as carbon 14.
There's two other forms of carbon, carbon 12 and

carbon 13, neither of which are radioactively








unstable.	So carbon 12, carbon 13, they stay the same.	But carbon 14, it spontaneously decays at a rate where about half of it will disappear of any material volume in about 5, 6,000 years.	That is why the clock, the full clock, extends only about 50,000 years, maybe a little bit longer.
This stuff is produced in the upper atmosphere, and although it is a radioactive version of carbon, it acts just like carbon.	So it enters into the
biosphere through photosynthesis, and as a result it's

through plants, and also marine photosynthesis, enters other plants and animals, and then as they die, they stop adding radioactive carbon to their bodies.	So upon death any organism has a certain amount of radioactive carbon and will only decline.
So the relationship is pretty basic.	If you

find a piece of organic material and you evaluate how much radioactive carbon is in it, if there's a lot, it didn't die a long time ago.		If it has very little, it died a very long time ago.	That is the basic equation
here.

Humans are not only the beneficiaries of things that died, they actively go out and kill things, plants and animals.	Therefore the archaeology is replete with materials that could be radioactively








dated at times of human behaviour, including humans themselves.	 You are all filled with radioactive carbon 14.	And you're replenishing it; it's busy firing itself off and decaying.	If we had a Geiger counter or some device to measure the radioactive decay and put it against their bodies, we would
feel -- we would record the spontaneous decay of

carbon in our bodies.	It happens infrequently, but it happens.
And of course we're replenishing by continuing

to eat.	We take food that's in the cycle of the biosphere, and we consume it, thereby adding more radioactive to our bodies.	When we die, among other things, we stop eating, as a result the level of radioactive carbon only goes down.
There's some stuff I just said.	Here is some

stuff about the chemistry.	If you're interested, you can read it on your own.	I don't need to go into it in too great a depth.
The measurement of carbon is the method.	How do

we know how much carbon is in the material that we

find in an archaeological context?	Imagine we found a piece of charcoal from an archeological site, we say when did this tree die?	We might assume -- and that
is another question -- that the tree died when the








fire was built.	But it could have been around the system for a little bit longer, maybe even decades.
Old wood, as it is called, can influence the time when it appears in the archaeological record and when it actually died.
But let's not complicate things.	We've got our

piece of charcoal and we want to know how much carbon is in it.	There's two methods, an older one, invented in the 1950 by Willard Libby, for which he and a colleague won the Nobel prize in chemistry for
figuring this system out.

It's a gas method.	You take the charcoal, roast it until it's concentrated carbon.	And you put it in
a vacuum, and put a detector beside it, and you wait a

period of time.	In fact, modern methods turn it into a gas and then concentrate the carbon and put as detector.	If you knew how much carbon you put into
the system and you measured the time and calculate the

number of decay moments, you could figure out how much carbon 14 was in the material when you started.
If that sounds a little bit imprecise to you, you're right.	It's not very precise.	The uncertainty measurements are in the order of 100 or 200 years.	It isn't bad if you're dating something 10,000 years old, but doesn't have quite a precision that most of








history operates on.	It's better to say, as archeologists, this happened within 10 or 20 years than within 200 or 300 years.
So this method, we use the accelerator mass

spectrometer system.	It's a form of mass spectrometry.	You've perhaps encountered it if you took courses from Dr. Speller, zoo archeology (?).
Mass spectometry -- it's hard to say -- is a method of

evaluating the composition of things at a molecular level and applied in various ways, including to carbon.
It essentially takes the carbon from our piece

of charcoal, turns it into a concentrated form of graphite, and then fires molecules of that material through a magnetic field.	The magnetic field will influence the arc of the carbon such that heavier things will deflect less, lighter things deflect more, because if you fire something, if you throw something and it's heavy, it will land more quickly than something that is light, which is essentially the reason it's not gravity we're using here a magnetic field to deflect these things.
And at the end of the deflection cycle or pathway, there are detectors, the AMS actually counts the individual accordance, carbon 12, carbon 13, and








carbon 14.	So you can know how much carbon was left in a sample to a great degree of accuracy.	Many carbon dates are resolvable now down to plus or minus
25 years.	That's partly the efficiency of mass

spectometry.	There's a little bit of mathematics...it's hard to get below 25 years, but that's pretty good.
Radioactive carbon is applicable to any organic

material, has relevance across all archaeological domains, relatively inexpensive -- Fred's comment notwithstanding -- and it's successful.	You can send your sample off to anywhere in the world.	There are hundreds of labs around the world that offer it as a commercial service.		Expenses have drop considerably. It now costs about 2 to $300 for a sample to be radiocarbon dated.	In the scheme of research is not that bad.	It's a little pricey, but not that bad.
It's an expense that consulting archaeologists

typically do not put into their scope of work, but I wish they did, because it's not a huge one, and if you're working in an archaeological project, even a few dates will add to the aggregate of day across the province.
Here is the mass spectrometer.	It's not a big

piece of equipment.	Taking your charcoal or shell or








bone or whatever it is, and turning it into graphite requires a bigger instrument than the actual AMS.
It fires your sample through or this way through a big magnetic field causing the heavier objects, molecules to deflect or to curve less, and the lighter ones will curve more, and it detects them and enumerates them, creating a mathematically robust evaluation of how much carbon is inside the material that you sampled, which is a proxy for time.
But things do get a little bit complicated.

Here is our picture.	Here is the sun, the radioactivity.	It's ending up in a peach tree and eaten by an animal eaten by a human, and then gets turned into an archeological site where it sits for a while, until a guy with a hat finds it and runs it through an AMS machine to arrive that this, a value that represents how much carbon, approximately, is in that sample.	This curve should be familiar to you. It's a Gaussian distribution or normal curve.	It means it's a reasonably well sampled dataset around which there's a degree of uncertainty.	That's an
average, if you will.	It's not technically exactly an

average, but you can use that conception for now.

It gives us an amount of carbon where the peak kind of represents the most likely material which








would be around 7,000 years over here.	But the actual date has to go through this squiggly blue line.	Does anybody know what that represents?	This is the --
this weird lumpy thing is the actual mathematical

projection of the date.	This is carbon in the detector, this squiggly blue line means something, and that's the actual result in years.	I see two hands. Fred?
STUDENT:	Atmospheric C14 that changes over time. INST ANDREW MARTINDALE:	It is exactly that.	A
calibration curve based on the relative amount of carbon 14 in the atmosphere at any one time.	The sun, our benevolent friend, is volatile.	It creates radiation, which means over time there is carbon production in the upper atmosphere.	The production takes about two to three years to diffuse across the terrestrial atmosphere.	It takes 20 to 40 years to
get to the biosphere so that all the plants and

animals will accumulate in their tissues that level of carbon.
Carbon cycles tend to be relatively gradual, but you'll see here sometimes the pattern can be quite dramatic.	It can be dramatic periods where the change in solar radiation is such that the production of carbon 14 rises and falls relative to previous years,








causing weird things to occur in the atmosphere, in the sense of varying degrees of carbon.
So that sometimes the same amount of carbon may mean different years.	We calibrate it by evaluating the relationship between time and carbon, independent of the measurement of radioactive carbon, using dendrochronology.
So through tree rings, increasing using shell

and ice cores to extend this back in time -- but using tree rings, you can find a tree ring, a piece of wood, which, if you have a sequence anchored in time, you
can go back and find out the exact year that tree

grew.	You can measure it for its carbon, thereby you know how much carbon.	So you're doing the calculation in reverse, figuring out the carbon in the wood, the age, you can tell how much carbon was in the
atmosphere at that time.

The curve for calibration goes back about 14,000 years.	Before that, it's estimated.	Although, as I say, archaeologists -- rather geochemists -- are working on figuring this out by extending the curve. We're not more likely to find more trees to add to the curve, but they are looking at shell remains and other geological processes in marine contexts, and cores in ice fields that might extend this window back to








50,000 years or so, the range of the limit of this technology.
There's a complication here, which is the amount of carbon is not always the date because it varies in the atmosphere.	And this calibration, it's called calibration, is a calculation.	We're pretty good at this.	Going back 13 or 14,000 years, the dates are really good.	Every five or to seven years a group of eminent geochemists publishes a new calibration barrier.	The one we're currently using is called marine -- Cal 20.	We're due for a new one.	Probably see it in '27, '28, maybe even '26, and then we'll all start using the inCal '26.	It did not change very
much over the last 10,000 years.	The real work gets

done at the 12 to 15,000-year period, that window of pushing it back.	And for the time before then, we don't have a curve; it's just an estimate.	From squiggly to smooth line.	There's a degree of uncertainty added to the earlier dates.
But the window of radiocarbon dating fits

comfortably within a lot of human history and a lot of human history here in British Columbia.
A few complicates we'll talk about.	The atmospheric carbon production varies over time. Different biochemical pathways and organisms will








preferentially select carbon based on its weight. That causes a confusion.	We have a fix for that. Different biological systems will sequester carbon, hold it for a long period of time before it enters
into the biosphere.	That's a complicated one.	Marine bioeffects are weird for that.	Carbon will enter into the ocean and then disappear into its depths only to bubble back up thousands of years later and later be deployed in biological organisms.
I'll give you an example.	If we were to walk

down here to the beach -- I would hesitated to go down there because it's a clothing optional, and I don't think I'm comfortable doing that -- but if I were to
do so, it would be for science.	I would find a modern

shell, quickly scurry away.	If I got a radiocarbon assessment of that shell, the radiometric assay would tell me it's 400 years old, even though it died that day.	That's because there's upwelling that bring old carbon up to the surface, and shell fish can't tell the difference, they're just building their bodies, using the carbon in the water.	It's been floating around the oceans, on average for 400 years before it gets into the shell, causing artificially old date in the marine system.
Marine systems are supercomplicated.	It doesn't








mean we can't use them, they're just complicated.	If you like math and statistics, radiocarbon dating could be your friend.	There's a lot you can do about figuring out precision and accuracy to talk more about history.	And we can combine these into different ways to do things that model time and human behaviour more correctly when we have a lot of dates.	Estimates from colleagues in Australia suggest that we need a minimum of 500 days to correctly model any period of time.		We don't have that, in most parts of the world.	There probably are the order of -- it's hard to know.	I would say somewhere between 200 and maybe 700,000 radiocarbon dates that have ever been taken in the world, most of which would be on archaeological materials.	We know about 130,000 of them.	Others
just were taken but never recorded, published in

places and not yet revealed to compilers of this data. So there's a lot of missing information we can use.
Also people are reluctant to take on dates because of expense.	But, as I will demonstrate on Thursday, in the aggregate, they can do a lot of good interesting things about history.	We'll see on Thursday.	My advocacy is we should get more dates,
not fewer.	If we did, we would be better at measuring

time as archaeologists.








There is this other wrinkle after 1950 the

entire system goes haywire because of atomic weaponry, and as a result, all the carbon cycles have created this weird spike, a bomb effect, essentially, of radioactive carbon because the atomic weaponry and testing that was detonated caused an enormous increase in the amount of radioactive carbon and radioactivity, meaning that everything before 1950 -- or after 1950, is very difficult to measure.	Mathematically it's actually difficult to get within the last 200 years.
So the zero marker for any radiocarbon age is 1950.

It was around the time it was invented, and that was a decision made to try to accommodate for this weird human effect on carbon samples.
So I think that's all I need to talk about. There's a few more things here, just a little bit of a picture showing you here this chart.	Here are all the dates of tree rings that give us that mathematical curve.	These are all dates or measurements of carbon on samples that we have the age already from the carbon.	 You can see they all cluster into this band which is mathematically constrained into these blue lines here.
The measurement gives us time.	You'll probably

look at this and say what is very lumpy.	You're








right, it is a lumpy picture.	How do we resolve from this lumpiness between 1400 and 1100, a date.	We do
it mathematically, a form of averaging, and it arrives at a singular number. But most archeological work
using radiocarbon dates would suggest we're more confident if we use a range of 50- to 75-year range within which the range has the greatest probability of being correct.	And if that probability terrifies you because it's a statistical concept, yes, it is a mathematical issue.
STUDENT:	Are lake...used for the calibration --

INST ANDREW MARTINDALE:	The lakes are really, really difficult.	They have their own carbon cycles. Anything to do with water is -- the ocean is a big thing that circulates into itself even though it's complicated.	Lakes are isolated, so things that grow and draw their carbon out of lake systems can be relatively mappable, but you need a lot of calibration.
STUDENT:	Absolute dating from...doesn't necessarily --

INST ANDREW MARTINDALE:	In order to chart -- yeah, no, I haven't heard anybody doing that.	Now I understand your point.
There are some of my colleagues who say this is

so complicated around water, don't date anything other








than terrestrial carbon, plant, charcoal.	If you have to, animal bone.	But stay away from marine system; it's too complicated.	And I'm synthetic.	I've
written papers on it, and one of the things we can ask

is if more people do it, we'll get better at it.

This is the challenge, this stuff in the atmosphere is like a two- to three-year cycle? Biosphere is 10 to 40-year cycle.
In here, in the ocean the variation can be hundreds, maybe even thousands of years.	So the local effect is different depending on where on the ocean you're working.	And we've done projects of evaluating this in Prince Rupert harbour.	They do not apply
here, it's that different.	It's complicated.	Lots of

interesting things going on, interesting mathematically.	And then here is the idea that we can take a look at some of the dates.
Do we have a singular age?	Not really.	This is

more likely a range that we can get that, a probability curve.	So we convert that lumpy thing into something that looks like this.	Mathematically constrained way of talking about an age probability. It's not a singular age but a range of ages.
The cool thing, and the last thing I'll mention,

is that doing this, you're turning that lumpy thing








into a pattern around which you can get an average or range, a median range. Clearly creating that average means that you're going to lose some data.
There are mathematical tools that we can use to

retain that data if we have lots of radiocarbon dates. That's the sum probability distribution model.	We'll talk on it on Thursday.
But my point is data that	you otherwise lose

when you're looking at one date, you can retain when looking at pools of dates and that enables us to map time with more sophistication and more correctness. Another pitch for more dates rather than fewer dates.
It's an entire subset of archeological inquiry

in figuring radiocarbon dates.	Most archaeologists,in my experience, are quite frighten of the math and they don't like to do it, and so they avoid radiocarbon dates, which is a great shame.	So it's a great tool.
Let's look at the consequence of this

information to study a little bit about geological time and human time in the context of it, informed in part by radiocarbon dates, most of the archeological data occurring in the province from about the last
10,000 to 11,000 years ago.

We have increasing evidence of archaeological sites preceding this, but they're rare for reasons








I've talked about.	Glaciation occurs, starts to wain around 20,000 years ago, y about 14 to 12,000 years ago the periods have melted, essentially, causing all sorts of dramatic geological patterns.	Sea levels change, land forms change, new waterways, islands
emerge, channels appear, rivers transform, the ecology

changes, the animals changed dramatically, and the climate has changed over the course of the last 14,000 years ago.	Most of this change occurs between 14,000 years ago and 9,000 years ago.	That's a really dramatic period of change.
And if you're thinking, when we were talking I

think last week about oral records, about kind of the mythological time, time period where trickster characters, transformer spirit beings came and changed the landscape quickly and dramatically.	That
narrative aligns well within the span of a human life. You would see islands showing up out of the ocean.
You would see channels appearing that weren't there before.	You would see embayments disappearing and turning into peninsulas.	All of these dramatic changes would have occurred in ways that might be captured in the narratives of that ancient time when the spiritual world came in and transformed human context in order to create the modern time-periods of








the last 10,000 years.

It's a fascinating conversation to have, but a very dramatic period.	This is why it's very hard to find archaeology from this time period.	So many changes have been going on.
This story around here of course is a larger

span of movement of people around the world beginning we think in Africa over 100,000, 200,000 years ago, sequential evidence of humans moving all around the world, early dates 13, 14, 15,000 years ago, 30,000 to
40,000 years ago in the North-East of Asian, similar dates in North America, slightly later dates in South America, an imperfect picture.	And one of our articles this week will look at some of the dates in the Americas and some of the evidence for this time period, and how it might be explained.
We also know based on taphonomic loss, we do not have a full picture.	I would not be surprised in the years ahead to find this entire story revolutionized
by new evidence, new evidence that follows the

geological cycles of sea level change and climate change.
Here is the example, 14 to 20,000 years ago and earlier.	This part of the world was largely covered in ice sheets -- you've heard this story before, I'm








sure -- 2 to 3 kilometres thick.	I have trouble getting my head around that.	This picture doesn't do it justice, extending all the way to the coast, not completely, but a long way to the coast, covering most of North America, Europe, South America and other places, causing all sorts of dramatic changes that
will impact the land form, humans on the land and influence how we study archaeology.	125 metres lower, temperatures 16 degrees cooler.	We have an
Arctic-like environment extending all the way to

Mexico, a real cold era where the ecology of land forms have changed.	In fact, this is the time period of the meg fauna, large animals that, through body mass, have adapted to these millennia long periods of cold, creating these large animals that humans, in many cases, will hunt.
STUDENT:	In terms of pre-Holocene archaeological sites, that's particularly more in Africa and Eurasia; correct?
INST ANDREW MARTINDALE:	The ancient sites?

STUDENT:	The pre-Holocene.

INST ANDREW MARTINDALE:	No, that's the question of this week.	We'll look at these on Thursday.	What are the sites from this time period?	We have some from 14,000 years ago.	There's some from the Yukon, 23,000 years








ago.	Evidence in Alaska, 18 and 25,000 years ago. Evidence over in Asian of 30 and 40,000 years ago; evidence in South America of 13, 14,000 years ago sites.	Claims of 50,000 years ago in North and South America, none of which have got entirely consensus.
So there is a general trend over time.	The

really old sites associated with humans, those that are over 100,000 years ago, we're looking at African and its environs.	People moved quickly into Asian, and according to the models show they moved into Australia.	But again this is not a story on
pitheco...anthropology but our sample size of hominine

history is modest, which means we don't know the full picture, and new discoveries will transform our understanding dramatically.	In fact, it wasn't that long ago that we understood that there were human-like species that coexisted with modern humans, 12,000,
Homo floresiensis -- sorry, Catherine -- I don't

remember how to pronouns it.	Hobbits, small people, stature very tiny.	They look like Homo habilis, but with a different cranial shape.	They existed maybe more recently as humans.
This is a picture that is changing dramatically. Again, for the same reason that the picture is highly volatile.	New evidence will transform our








understanding, in part because it's complicated and difficult to find.
So the sea levels are changing, the connection across Asia.	All these things are occurring, and it's not the only climactic event.		The glaciers don't just disappear, we have what are called neoglaciers that show up.	These cold periods come back in cyclical patterns, causing, again, the same processes to occur, ice to form, water levels to drop in the oceans, changes in climate, ecology.	These are the conditions in which humans must survive and live.	They do so
with skill and success.

This is a story you've heard, I'm sure, which is that because of the low level of ocean water, because all the ice was on the continents, 125 metres lower than it is today, we see land expose.	It's not just a little causeway, it's a big wide open plane.	The Aleutians would have been a peninsula.		There would have been an extension of the two continents meeting where the ecologies of the two would have been
similar.	In fact, the barrier is not here, it's here in the mountain ranges.	This area would have been a continuous space for humans and for mega fauna, for animals that roamed in the stepped tundras.	And
indeed we find archeological sites of antiquity in the








vicinity, on the mountains and the perimeter of this great plain would have extended beneath what is now the Bearing Sea.	Which if you fish, you know it's a
difficult place to fish and because it's very shallow,

and that shallowness means that the ocean currents and wave forms are dramatic and unpredictable. And that's because it's shallow, and that's because a land bridge appears to have formed at different time-periods in
the last 50,000 years connecting these continents, causing a space for humans to have connection to each other.	This is the picture of it, sea level curve changing over time, going back 125,000 years ago, the cycles of climactic cooling caused the sea levels to drop, warming causes them to rise.	And the geoscientists that sometimes around 50,000 years a land bridge would have been open for a duration of 5 or 10,000 years, and again around 20,000 years, eventually the Bearing Sea forms in and around 13,000 years or so.	Causing these windows within which people, if they were walking, could have moved into
the Americas from Asian, and back and forth.	Evidence is that they were not walking.	Humans are inventive creatures, and it's complicated because people live in aquatic environments, using boat technologies probably in these times.








So what we're seeing is not sudden arrival of people in this land form, but rather the ongoing relationships of people moving around this space in part on land, because these would have been time period where mega fauna or animals and ecosystems would have formed, allowing a story to evolve likely more complicated than our current picture of it.	So
there's a little bit of a graphic that illustrates it.

That sets the stage where we're going to go. We're going to ask what are these places that might help us?	Some of these places are in our list that we're going to take a look at Triquet... We're going
to take a look at some of these locations and ask what are these telling us.	These are some of the early sites; there aren't that many.		They don't give us a really good regional picture.	In fact, some of them tell us slightly different stories.	There's stuff that's on Quadra, and North of Vancouver Island,
people living in caves hunting mega fauna.

Here in Prince Rupert we've got people who are fishing, living on shell terraces, building houses over 10,000 years ago.	Which sounds like what they were doing over 300 years ago, so not much change perhaps.	The variability is probably indicative of our poor sample rather than any trend we see in








history.		I would be hesitant to say much more than things are busy, people are mobile, and they are continuing to exploited traditional fauna which would include mega fauna.	But they're focussing on the marine resources, partly because of the abundance. Marine systems are rich, especially on the coastal margin.	People who exploit them typically survive with abundance, they flourish.	And so marine systems are an anchor to this story.	But what happened between now and 14,000 years ago is the sea levels rose by 120 metres.	So all those archeological sites associated with that coastal margin are now underwater.	Not all.	Some are above water, because remember the land bubbles and does weird thing.	Some
are underwater, some are above water, and some of them are way upon hills.	Finding them is tricky.
The underwater stuff, we have some colleagues and look at the data, they used vehicles to map the bathymetry, the underwater landform, locating evidence of archaeology in time frames from before 12,500 years ago, by mapping the ocean floor.	Difficult to get
down there.	There's been suggestion of submersibles

and etc.	As far as I know, people have used dredging tools and remote operated submersible vehicles. They're not actually gone down in submarines vehicles








yet.	Other places it's up on hills because the land form is not only rising and falling, but it's tilting. It's a complicated geology.	And as a result what happens in one area may be very different from another
area.

This is what it looks like.	These are sea level curves.	So this is where the sea was on the coastal margin.	Today they're all on the modern shore.	But
go back in time, Haida Gwaii, 140 meters below where it is today at 12,000 years ago.	Salish sea, 100 metres above where it is today at 12,000 years ago. These are dramatic differences up and down the coast based on these geological forces.		The melting of the ice, the rising of the sea level and tectonic rebound. So the great weights of ice pushing down on the earth, it buckles and sags as it melts, it starts to swing back up, but it's not like an elevator, it's like a tabletop, and it tilts in some areas, shifting some above the water even as some go under water, and the reverse.
The main dimension are typically from the ocean to the mountains.	But also patterns from north to south.	The point is what is stable today was not the same as in the past, and the patterns in any one area are likely to be different than other areas when you








go back 10 or 12,000 years ago.	One of the first challenges in this time period and our colleagues, Darrel Veji [phonetic], Duncan McLaren [phonetic], Quentin Makey [phonetic] figured this out about 15, 20 years ago.	If you want to find the archaeology, you have to map the sea levels.	You have to know the geology, and then you can track it.
The one exception is caves.	People find caves

and live in them, even if they have to travel uphill, so some caves have ancient times and occupations that are visible, not because they were near the shore, but desirable locations that humans sought out and made
use of.

Okay, so there we go.	This is a complicated space.	Depending on where you go, the narrative of sea level curves is very different.	And I have a story for what I can do in the north coast, but totally different from from what is going on here.
I talked to Delbert Garin [phonetic] from Musqueam.	He told me 20 years ago an oral tradition of the Musqueam community of a time when you could walk from the Fraser River to the coast and the coastline was at Victoria, that you walked across the Salish Sea.	I thought it was fantastic.	And sure
enough we now know that's exactly what happened.	Over








12,000 years ago the entire basin of the Salish sea decanted out and it was dry land.	Musqueam preserved that narrative in their history, borne out by this geological mapping.
If we want to know where people were 12,000 years ago, we can go to the coast, we can go on the rivers that are now under water, or find them on land above the modern shore-line.	 All those are difficult to do.	The one -- in addition to caves -- the one place we find people the ancient past is where they lived in more recent times.	They tend to own and occupy the same space for many generation.	So we find underneath more recent spaces of use, ancient spaces, and that does work in some cases.
Sometimes the sea level is changing as people live in the same area, and as a result, the sites move up hills or down, depending on the sea level, making for a complicated land form in archeology.	I did the far west point excavations up here.	It is a lovely island, on...has a lovely isthmus, a peninsula beach. David Greene has a cabin on it.	It sits on a...modern wooden cabin, sits on top of the shaman (?) maybe 2000
years.

If you go up the creek behind the cabin, you find another terrace, and it has dates between 4 and








6,000 years ago.	And if you keep going up the creek, get up to 11 metres, there's another terrace, and that has over 9 or 10,000 years ago.
The point is it's the same site.	David Green's

cabin is a modern manifestation of something that

began 10,000 years ago.	People kept moving because of the sea level.	They would built it beside it, in this case descending.	In other parts of the province, it ascends the hill because the sea levels are rising.
Now you know an example of why we don't know of this

time period as we think because of the land forms are so dramatic.	If you study this time period, you have to study geology and geophysics as we understand the archaeology.
Just a few points.	I'll include these and mention only briefly.	Connections between Asia and North America, there are biological patterns in DNA and certain phenotypes of dentition that suggest a biological proximity.	Not surprising peoples are moving back and forth probably by water as much as by foot, sharing DNA as one does when you reproduce.	So there are forms of genetic identity that are similar across those patterns and visible in the phenotypic expression of that DNA.
Of course now we've mapped DNA, but we can also








look at traits, physical traits of individuals.

There's a little bit of linguistic data.		This is less chronological but has patterns.	Three basic language groups in the Americas, including the ancient has the most diversity, known as Amerind, Na-Dene and Aleut Eskimo.	These two up here, down below.	So language tends to be difficult to map onto time.	It's often circular, not really a chronometer on its own.	But it does tell us that there are linguistic trends that suggest historical patterns over these time windows. Although I would not put a whole lot of credence on
the ages other than this one, because languages are

pretty volatile.	It's hard to map.

This relationship we have technology between

Asia and Americas that are similar.	I'll show you

some pictures of.	And small ones, called microblades. Both technologies appear in both places.	We have a specific kind of point that shows up down below in the ice sheets in the lower 48 states, Clovis appears in Canada, in Alaska, and then later technologies emerge.
We don't see any fluted points after this early period, but the replacing points, a leaf-shaped point. That one is made up until the 1800s.	That hasn't changed.	That's example of a technology that dates to over 9,000 years up to essentially today.	An example








of this kind of conservativism in history and tradition here in British Columbia.	Technologies typically don't change.	New ones get added to the inventory, but old ones don't disappear.
Connections back and forth but also connections that are specific to the north-west coast, to the British Columbia side.
People -- once people go to new places,

typically history changes, it goes on its new paths. And this is what we see in the early period, but after
9,000 years ago, things settled into long-term traditions of continuity.	Not exclusively, but there are patterns where it changes a little bit.	But there's an awful lot of that as well.
Here are pictures of these points, across the landform.	We see across Alaska and into Asian. Mostly these occur in the far north where people are probably hunting the big fauna.	These are the microblades, small little tiny, centimetres or less, not wielded as a little tool, but hafted onto a bone and/or wooden point, adding a cutting edge to the spear to the perimeter, a form of conservation of material perhaps at a time when fining raw material
was more difficult.	Maybe people were highly nomadic

or the actual outcrops of raw material were more








modest given the geological changes.

These occurred later...finding them in the north, and of course down south.	The movement of people from these northern climes down past the ice sheets has a query of anthropologists for many years. This was a proposal by Canadians that there was a transit corridor between the west coast mountain ice sheet and the mainland Lornetide ice sheet.	This seems not to be the case.
And there is a connection between what is going

on below the ice sheets and above the ice sheets, during the glacial period.	It is very likely to be by water, not by transit across these corridors.
So this is the migration or the movement group,

not one way but multiple ways.

I'm reminded by my colleague, Dr. Charles Menzies, whose book on saltwater people, identifies the ancient genealogy of his community, as Lacmoon, which means saltwater people.	They were there before other people.	And they have records of people moving south, but also moving north, to settle different parts of the coast, even though they were already
there.

So these are stories that align with this complex movement of people up and down the coast,








living in places where opportunity presents itself, and those places we think are probably the deltas at the mouths of major rivers, even that the coastline might have ice sheets going up and down the water. Others would be forested where people would have survived.
These are called refugia.	And we haven't really found too many, but we have one piece of evidence that suggests why they must exist.	Shortly after the ice begins to melt, all the big animals re-emerge quickly. It's unlikely that they came over the mountains.	It's more likely that they are already here, where the ecology would have supported large game.	And if that happened, it would have supported humans.
So the story of human ancestry on this coastline is unknown, but it likely involves survival in the context of continental glaciation, such that when the glaciers retreated, people were already there.	New people would have come in, but people were already here.	How they got here is a story that as yet we cannot tell.	Of course colleagues in indigenous communities describe their arrival as being ancestral and initial.	They were always here.	We don't have
any evidence in archaeology to contradict that story.

The last little bit I'll mention are these.	I








love these.	These are the Clovis points below the ice sheet.	Originally thought to be the earliest occupation of humans.	Now we know there's many examples of people up north and in South America.	But this is an early and widespread adaptation of people living in this changing environment, as the ice sheets begin to withdraw, allowing for opportunities, based
on hunting.	We think these are big-game hunters,

Clovis points are large.	They are equipped for taking and hunting large animals, of which there would have been many.	We have examples of mammoth and mastodon remains that have embedded Clovis points in them.	So humans were hunting the mega fauna of the ancient
world using these technologies they were using these

which are effective.	Not only points and spears, but trap systems, communal hunting, box canyons, systems of increasing the odds so that your -- to be honest, trying to kill something the size of a bus, you want to make sure you survive and be successful, and humans, as ever, demonstrating ingenuity.
This is one of the most iconic forms of the ancient world of North America.	My message to you is it's not the earliest.	It is fantastic and fascinating, but clearly there's a story long before these show up on the land form.	They do associate








with mega fauna, and this characteristic shape, this removal of a flake creating these channel flutes, to increase the haft, the fixing of a point onto your spear, so it's less likely to be displaced as you attempt to kill the mammoth or mega fauna.	You need a piece that will be reliable.	And also anthropologists and archaeologists have demonstrated how to make them. We don't know if that's how the ancient people did. There's a...manufacturing bravado.	You make the
shape, and you take these two points off of the base,

they're massive relative to other forms of removal of the flakes.	They go down the base.	And they are dramatic.	They ring -- when you take it off, it rings like a bell, and potentially catastrophic.	You can fail, thereby shattering it.	It adds a high degree of hafting, but it is also technological bravado.
There's a number of these that merged this technology and get replaced on the northern coast and in the inlands parts of British Columbia, that technology looks a little bit like this one, more like a leaf-shaped point rather than these guys which are more in the south.
So after these periods of change in the environment, human occupation, we start to see things digress as local peoples become settled into more








stable ecological and geological contexts.	And that

is where we see narratives and archaeology attached to contemporary peoples.	When we go back into the early time period, our datasets, as I mentioned, are really, really small.
A couple of minutes left.	These are some places

we'll take a look at, the cave complexes on the Haida Gwaii, Triquet island, all of which capture qualities of this ancient time with connections with both to the past and the mega fauna and points to what will come
to the future, relying on local resources, marine focused technologies, flexibility and adaptation, which is truly the story of human history.
Some of these times are quite ancient.	I do not

think it will be the last, and as we'll discover on Thursday, this was just -- this location was discovered not by archaeologists, but because oral traditions led archaeologists to this ancient place, the community's curated knowledge of this ancient location from other 14,000 years ago through oral tradition, telling us there's history working in partnership with the material and anthropogenic and the ancient histories preserved by oral histories.
And here is a little picture of some of the

places we'll go.	We'll take a look at these in more








detail on Thursday, and read through the articles that we have that will introduce us to some of these
places, we'll try to map out some of the basic trends.

But, again, I would not put too much weight on what any one story tells us about all the broader picture, because that's all we have, even around the geological time period, and the geological transformations, our picture is emergent and unresolved.
Okay, see you on Thursday.
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