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Nicholas Steno

(1638 - 1686)

Steno, a Danish

anatomist and later a

Roman Catholic priest,

found time to look at

the “figured stones”

that were puzzling

people in the 1600s.

Some “figured

stones” looked like

living organisms, but

others were much less

like anything that was

known to live. Some

scholars argued that

“figured stones” had

grown in the Earth by

some natural power,

and had never been

alive.

This is his drawing of the

head and teeth of a shark,

which he used to

demonstrate that certain

odd stones, called

glossopetrae, were in fact

the teeth of ancient sharks.

Steno proposed that if a

“figured stone” or

“fossilium” looked like a

living organism under

close inspection, that was

because it once had been a

living organism.



This was part of a much more general theory of how solids

could form inside other solids (like rock layers, crystals, etc.,

in addition to what we now call fossils).

Steno derived two general “laws” from his work on solids. . .

Law of Original Horizontality: In a sequence of sedimentary

rocks, the layers of rock were originally formed lying

horizontally. (However, they may be disturbed after forming.)

(Bryce Canyon, UT)

Exceptions to the Law of Original Horizontality sometimes arise,

such as these ancient sand dunes now compressed into sandstone.
(Valley of Fire State Park, NV)

younger

older

Law of Superposition: In a sequence of sedimentary rocks, the

oldest are the lowest, and the youngest are the highest — unless

something has disturbed the rocks after they were formed.

(Ventura County, CA)



Steno’s Law says nothing at all about how old a rock

sequence is, or how long it took to form. The layers on

the left we now reckon formed over several million years;

those on the right formed in a few weeks or months.

All it is is a statement of relative age.

Marjum Pass, UT Ubehebe Crater, Death Valley, CA

Rock layers may be tipped off the horizontal. . .
(Nopah Range, southern Inyo County, California)

or bent and deformed in various ways. . .
(Haghios Pavlos, Crete, Greece)

or disrupted by faults. . .
(Roadcut on Interstate 40, just west of Kingman, AZ)



. . . or intruded by magma.
(Ellesmere Island, Northwest Territories, Canada)

(Red Rock National Recreation Area, Clark County, NV)

Layers may be faulted out of their original order. The red cliffs in the

foreground are 200+ million years younger than the gray limestones

behind them, which were pushed above them along a thrust fault.

But the point is that when the arrangement of rock layers has been

disrupted by this, the disruption leaves traces—we can compensate

for changes in the arrangement of rock layers, and reconstruct how

they were originally laid down.

Rocks don’t have to form a continuous sequence, either. Here the

pinkish-red layer (210 million years old) is overlain by a dark brown

layer (4 million years old). 206 million years is missing from the rock

record. (More later on how we calculate the calendar ages!)
(Painted Desert, Petrified Forest National Park, AZ)



But where had all these layers come from? The German

mining geologist Abraham Gottlob Werner (1750-1817)

thought that all the rocks in the world had precipitated out

from a vast world ocean, a theory called neptunism.

Der feste Erdkörper hat sich

aus nasser Auflösung

gebildet. . .  Deshalb mußte

er in der Urzeit hoch 

und allgemein mit Wasser

bedeckt sein. . . dessen

Oberflächenstand allmählich

und allgemein gefallen ist.

What he meant, of course, was this:

The solid earth was formed

out of an aqueous solution. 

Therefore, in the earliest time,

it must have been highly and

completely covered with

water. . . the state of its

surface has come about

gradually and generally.

James Hutton (1726-1797)

• Scottish landowner who became
interested in geology

• Hutton argued that some rocks had
been molten once (plutonism).

• He proposed, in his book Theory of
the Earth (1785)  that geologic time
had been indefinitely long: “we find
no vestige of a beginning,—no
prospect of an end.”

• For Hutton, the Earth was a self-
renewing machine, thanks to its
internal heat. As old mountains were
eroded away, new ones were
uplifted; as the sea covered some
lands, it receded from others.

A Web page on Hutton. . .

James Hutton, continued. . .

• One of Hutton’s strongest

arguments for his view of the Earth

was his discovery of angular

unconformities.

• Angular unconformities are a type

of gap in the order of sedimentary

layers. They take a long time to

form—they cannot be formed

instantaneously.

• The next slides are diagrams that

show how an angular unconformity

forms. . .



Start with some more or less horizontal layers laid down. . . Now geologic forces tip them. . .

And tip them even further. . . . . . and then erosion removes a portion.



If newer layers are later deposited on top of the old, we get this. The sequence of sedimentary rocks may tip again. . . 

And further erosion may erode both newer and older layers. . .

Actual angular unconformity
(China Ranch, Mojave Desert, southern Inyo County, CA)



Another angular unconformity
(California Hwy 190, Death Valley, southern Inyo County, CA)

Get the picture? An angular unconformity can’t form quickly — it

takes time for that erosion to happen!

Angular unconformity at Siccar Point, Scotland, studied by Hutton

An angular unconformity marks an interval of many years (just how

many years varies) that is missing from the rock record.

Angular unconformity at the base of the Grand Canyon, Arizona

William Smith (1769-1839)

• A civil engineer and surveyor, Smith
came across numerous fossils during
his work on canal surveying and mine
engineering.

• He realized that different layers
contained different fossils, but what
was more: fossils always occurred in a
predictable order of appearance. The
order of fossils in sedimentary rocks
was the same all over England. This is
the “Law of Succession”.



An example of Smith’s principle. The left-hand side lists fossils in order,

from oldest (bottom) to youngest (top). Localities are on the right.

Here’s an example. On the left is a diagram of rock layers. On the

right are three different fossils called trilobites, with the arrows

showing where they appear. If you find these fossils anywhere in

North America, you’ll find them in this order of appearance.

Another example, this

time from northwestern

Arkansas. The rock

layers around

Fayetteville (right)

contain fossils of coiled

shells (technically called

ammonoids, on the left).

Different layers have

different shells—and the

shells appear in the same

order in rocks all over

the world.

Smith used fossils as tools to map out where different

rock layers were found. His geologic map of England

and Wales (published in 1815) was the first of its kind.

Each rock layer is represented by a unique color.

Click here for a bit more on Smith’s map



Geologic Time Scale

• Because fossils appeared in a
predictable order, you can use
them as markers of relative time.

• What’s more, you can define
time periods based on what was
living at the time.

• This enabled geologists to
construct a relative time scale,
define time periods, and name
them.


