Now let’s examine the principles by which geologists establish the order of geologic events.  These are the 5 principles of relative dating:

I’m sorry - I couldn’t resist!

Alright, this is really the fifth, but it’s not a particularly mirthful one.

The principles of relative dating were largely established by Steno, but Hutton, Smith and 
Lyell added other important ideas to our understanding of Geologic Time.

First let’s look at Steno’s contributions. An Danish anatomist, geologist and Roman Catholic priest, Steno looked at the so-called “tongue stones” that were puzzling people at the time…

He proposed that “tongue stones” where shark’s teeth and moreover that if any “figured stone” looked like a living organism under close inspection, that was because it once had been a living organism. This is his drawing of the head and teeth of a shark, which he used to demonstrate that certain odd stones were in fact the teeth of ancient sharks.

This was part of his much more general theory of how solids could form inside other solids…

…like fossils, rock layers, crystals, veins, etc. From his work on solids Steno founded four of the five principles of relative dating including…

First, the Principle of Original Horizontality, which states that all rocks deposited on the earth’s surface, which includes all sedimentary rocks but also lava and ash, were horizontal when they were originally deposited.

So if layers are not now horizontal, some younger event such as tilting or ...

… folding must have changed their original horizontality.

We recognize exceptions to the Principle of Original Horizontality such as deposition on the slopes of a volcano…

We recognize exceptions to the Principle of Original Horizontality such as deposition on the slopes of a volcano…

…or a sand dune.

Hence if these are ancient sand dunes now compressed into sandstone, the sloping layers may not necessarily have been tilted after deposition. Note the near-horizontality of the layer at the base of the cliff.

Second, according to the Law of Superposition, surface-formed rocks are always deposited younger over older.

Again, there are exceptions. Here a thrust fault pushes older rocks on top of younger rocks.

Overturned folds are another exception to the Law of Superposition.

Rocks don’t have to form a continuous sequence through time, either. There can be huge gaps in the history recorded by rocks. Soon we will see that there are ways to fill in the missing history.

Steno’s third principle, “Original Lateral Continuity” states that “Material forming any stratum were continuous over the surface of the Earth unless some other solid bodies stood in the way”. These layers were originally continuous before the canyon formed.

Steno’s “other solid bodies” can either mean the edge of the original sedimentary basin or some other kind of sediment. 

For example: This salt layer terminates against the solid edges of its depositional basin.

And these sand dunes taper out and grade into different sediments on the valley floor.

Steno’s forth principle - Cross-Cutting Discontinuities states that "If a body or discontinuity cuts across a stratum, it must have formed after that stratum.” Here we see a younger dike (magma that solidified in a crack) cutting an older sequence of stratum.

The principle of cross-cutting discontinuities also applies to faults.

Steno’s principles say nothing at all about the absolute age (given in units of time) of a rock sequence or how long it to took them to form. 

Steno had no reason to doubt the Earth was young. Indeed, young Earth thinking was fully compatible with his position as a Catholic priest and later bishop. The church has actually taken the first step toward granting him sainthood!

Hutton, on the other hand, has the proverbial “snowball’s chance in hell” of being granted sainthood. Hutton proposed that geologic time had been indefinitely long. 

Hutton founded the principle of Uniformitarianism, the idea that the past geologic processes happened in the same way they do today.

It is often summarized by the phase “The present is the key to the past”. 

Hutton’s principle implied that past events, such as the creation of rock, could be explained by natural processes. This implied that the earth would have to be very old in order for all its features to form using processes we see happening today and without the aid of any supernatural processes.

Hutton’s ideas undermined the religious foundations of many of his contemporaries – shown in this old illustration as faces protruding from a rocky cliff.

His most compelling argument for deep time was based upon his work on buried surfaces of erosion called unconformities. 

Siccar Point is said to be the place that Hutton and colleagues James Hall and John Playfair first comprehended the geological significance of an unconformity. Imagine how many geologists have tumbled down this slope since then! Yaaaaaaaah!

Playfair later remarked of the experience: “On us who saw these phenomenon for the first time the impression will not easily be forgotten...We felt necessarily carried back to a time when the schistus on which we stood was yet at the bottom of the sea, and when the sandstone before us was only beginning to be deposited, in the shape of sand or mud, from the waters of the supercontinent ocean... The mind seemed to grow giddy by looking so far back into the abyss of time; and whilst we listened with earnestness and admiration to the philosopher who was now unfolding to us the order and series of these wonderful events, we became sensible how much further reason may sometimes go than imagination may venture to follow.“

This is the last known photo of Hutton before temporal giddiness left him completely insane.

We now recognize three types of unconformities: Angular unconformities are where the layers beneath the unconformity meet the unconformity at an angle.

Disconformities abound in the Grand Canyon where the layers below the unconformity are parallel to the unconformity. These are especially difficult unconformities to recognize.

Nonconformities are where especially long periods of erosion have exposed rocks that formed at great depths like granite and schist and then deposition has resumed on top of those rocks.

