
Anticlines 
"point" 

upwards, 
and…

 synclines 
point 
down.

So how do rocks bend?

these "gentle" folds 
in northern utah are 
hardly folded at all.

but more 
compression 
gives tight 

folds. 

And extreme 
squashing gives 
parallel limbs -  
isoclinal folds.

But as these layers are 
compressed, folds 
form. these get tighter 
and tighter until, under 
extreme conditions, the 
limbs become parallel 
to each other, forming 
"isoclinal" folds!

geologists usually 
assume that rocks 
are deposited in 
horizontal layers.

And next to every 
syncline,  there's …



only a moderate 
amount of 
deformation. 
further 
deformation 
can make the 
folds become 
inclined by 
pushing them 
over.Here's a fold that has 

been subject to …

This syncline is "inclined." and this fold is "recumbent."

Recumbent, of course, 
means lying down!  And indeed 
the fold is lying down.  Which 
brings us to another point.

How do we 
measure these 
things? How do 
we decide what 
"lying down" 

means?

When the fold 
is fully pushed 
all the way 
over, on to its 
side like this, it 
becomes hard 
to say if its an 
anticline or a 
syncline. 

We define the dip 
as the angle  
between 
horizontal and 
the "bedding."

Obviously, when 
the dip is zero, 
the layers are 
horizontal.

When it reaches 
90°, they're 
vertical.

an anticline.

This 
brings up 
an 
ambiguity 
that we'll 
return to 
later.



both upright & recumbent 
folds have limbs that dip at  
roughly the same angle.

but inclined folds have 
limbs with different dips.

These inclined 
and recumbent 
folds look 
rather like the 
nappes that we 
saw in  part 1.
Nappes are 
usually quite 
large 
structures - 
but not always.  
Here is a small 
one in the 
arbuckle 
mountains of 
oklahoma.

here's 
the 

fault.

large nappes may have small 
folds on their limbs.

minor folds

going down 
into the 
microscopic…

makes us realize that 
the very fabric of the 
rock has changed.

micro 
folds 

in 
micas

THESE CHANGES in the 
rock materials ARE 
CALLED "METAMORPHISM", 
and METAMORPHIC ROCkS  
ALWAYS originate FROM a 
preexisting rock. in fact, 
the term "metamorphism" 
means "change." 

metamorphism can 
CHANGE THE MINERALS 
themselves,  the rock 
"fabric" (OR TEXTURE), THE 
DENSITY OF THE ROCk, and 
EVEN THE SHAPES OF THE 
grains or fossils WITHIN 
the ROCK!   FOR EXAMPLE … THIS CONGLOMERATE from northern wisconsin HAS NICE 

ROUNDED PEBBLES (sometimes called clasts) IN IT.

Here's a good example 
from metamorphic rocks 
in utah.

↓



Not surprisingly, the meta-
conglomerate is much 
denser. there are no cavities 
between the pebbles because 
they've been  crushed 
together. this crushing 
contributes to changes in 
the minerals themselves.  

Let's take the simple 
sedimentary rock, 
sandstone, and go inside it 
to see what happens as it is 
metamorphically changed …

BUT IN THIS META-CONGLOMERATE FROM ONTARIO, 
THE PEBBLES HAVE BEEN STRETCHED OUT.

 A typical 
sandstone has 
rounded grains 
of quartz glued 

together by 
"cement."

some sandstones are 
contaminated with clay, 
which changes to become 
mica during 
metamorphism.  The micas 
grow in, or are rotated 
to, a specific 
orientation: 
perpendicular to 
compression.  notice in 
the next picture that the 
quartz grains have not 
changed shape like the 
conglomerate pebbles. 
they're too stiff to do 
that. The micas, though, 
are all aligned, causing a 
"foliation" in the rock.

so the micas grow 
from the clays that 
were part of the 
original sedimentary 
rock.  The quartz 
crystals don't 
change nature or 
shape, but they do 
get packed closer 
together and grow 
larger.  and If the 
compression changes 
direction, then the 
micas become folded, 
but not the quartz 
(it's too stiff). 

So I have to 
get a bit 
smaller.

… Like these garnets. This is 
actually a "garnet schist."

Even more extreme 
metamorphism can cause 
the minerals to separate 
into bands - producing a 

gneiss (pronounced 
"nice").

Sometimes new minerals 
can grow too…



HIGH TEMPERATURES 
AND PRESSURES, 
TYPICAL OF DEEPER 
IN THE CRUST, ARE 
NEEDED to produce 
schist or gneiss. 
UNDER THESE 
CONDITIONS THE 
ROCKS can BEHAVE 
IN INTERESTING 
WAYS, depending 
on what they are 
made of. 

STRONG ROCKS ARE 
REFerRED TO AS 
"COMPETENT."

COMPETENT ROCK LAYERS 
TEND TO dominate THE 
FOLDING patterns…

SOME ROCKS, LIKE 
SANDSTONE OR ITS 

METAMORPHIC 
EQUIVALENT, QUARTZITE, 

ARE VERY STRONG.

LIKE THESE PINK LAYERS EXPOSED 
ON THE SHORE OF LAKE SUPERIOR.

COMPETENT LAYERS, 
that are STRONG AND 
STIFF, fold the way 
they have to and all 
the other, so CALLED, 
INCOMPETENT layers 
fit in to 
accommodate that 
pattern. CLASSIC 
EXAMPLEs of these 
weak incompetent 
rocks are coal, 
SHALE and evaporite

so the 
competent 
layers form 
well-defined 
folds, and the 
incompetent 
layers flow 
around them to 
"fill in the gaps."  
Sometimes this 
can lead to a 
difference in 
layer thickness 
between the 
hinge of the fold 
an the limbs…

as in this banded iron form-
ation (BIF) from minnesota.

But obviously competence 
isn't the entire story.  The 
conditions of folding also 
influence what type of folds 
form.   At high temperatures 
we might expect layers to 
bend easily, but at low 
temperatures they more 
easily break.  

Actually, high in the crust 
with lower temperatures and 
pressures we often see folds 
that have a very sharp bend in 
them - called chevron folds …

such as this.

Here we 
have both

competent 
and 

incompetent, 
folded 

together.



Like this. these chevron folds 
from just north of the 
golden gate bridge in 

san francisco are 
originally deep sea 
sediments, but were 

probably formed near 
the surface.

then we see more 
smoothly curved 
folds, as we saw in 
the minnesotaN BIF.  
These are typical of 
the high 
temperatures and 
pressures which 
probably exist much 
deeper in the 
crust- and so 
probably represent 
the deep interior of 
a mountain chain.

thinner layer shorter 
wavlength folds.

AT THE HIGHEST 
temperatures and 
pressures THE 
LAYERS START TO 
COME APART - 
LIKE THIS 
LEWISIAN GNEISS 
FROM SCOTLAND.

If the 
incompetent 
rock does flow 
between the 
competent 
layers … 

but its the 
competent beds 
that dominate 

the folding 
style.

actually fold 
wavelength 

depends on how 
thick the layers 

are too. 

thicker layers forming 
longer wavelength 
folds and …


