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11.1  Introduction
A triple junction is a place where three plates come together.  The boundary between any two plates generally
terminates in a triple junction.  Dan McKenzie and Jason Morgan wrote the first paper (that I am aware of)
on the topic, which was published in 1969.  Like any good paper, it stimulated a good deal of conversation,
and illustrations adapted from that paper continue to be included in textbooks.  The references at the end of
this chapter include a few of the many papers on triple junctions.

The  purpose  of  this  chapter  is  twofold.   First,  I  want  to  take  a  break  from  angular  velocity  vectors.   This
chapter will function a bit like the sherbert used to cleanse the palate during a multi-course feast.  Second and
more  importantly,  we  are  going  to  identify  all  of  the  types  of  triple  junctions  --  a  task  first  attempted  by
McKenzie and Morgan (1969).

11.2  Triple junctions with 3 types of boundary
Different  types  of  triple  junctions are  differentiated from one another  by the types  of  plate  boundaries  that
come together at the triple junction.  In the classical sense of the term, the types of plate boundaries include
ridges  where  two  plates  diverge  across  the  boundary,  convergent  boundaries  such  as  subduction  zones  and
contractional orogens, and transform faults along which two plates slip horizontally past one another.  If we
take these three types as the universe of possibilities, the question we are to address is this:  how many triplets
of these three types of plate boundaries are possible?

We  will  use  the  following  symbols  for  this  first  exercise:   D  for  divergent,  C  for  convergent,  and  T  for
transform boundaries.   Now it  is  time  for  you  to  start  thinking  of  permutations.   Here’s  one  to  start  with:
DDD is a triple junction formed by three divergent boundaries.   What are all  of the triplet  permutations of
these three letters?  List them below:

HD D DL H__ __ __L H__ __ __L H__ __ __L H__ __ __L
H__ __ __L H__ __ __L H__ __ __L H__ __ __L H__ __ __L
H__ __ __L H__ __ __L H__ __ __L H__ __ __L H__ __ __L
H__ __ __L H__ __ __L H__ __ __L H__ __ __L H__ __ __L
H__ __ __L H__ __ __L H__ __ __L H__ __ __L H__ __ __L
H__ __ __L H__ __ __L

This  type of  problem involves  a  permutation with repetition allowed.   If  you have n  things  to choose from
and  r  times  you  need  to  choose,  the  number  of  permutations  is  given  by  n r .   We  have  3  types  of  plate
boundaries to choose from.  We have 3 boundary positions in a triple junction.  Therefore, there are 33  = 27
permutations.

But  that  is  not  the  end of  the  story.   Discovering  the  number  of  types  of  triple  junction  is  not  a  simple  as
finding the triplet permutations of three letters.  These three boundaries are arrayed around a central point, so
a DCT boundary is the same as a CTD boundary that has been rotated by around 120°, and is the same as an
TDC boundary rotated around 120° in the other direction.  So these boundaries form the same type of triple
junction.
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But  that  is  not  the  end of  the  story.   Discovering  the  number  of  types  of  triple  junction  is  not  a  simple  as
finding the triplet permutations of three letters.  These three boundaries are arrayed around a central point, so
a DCT boundary is the same as a CTD boundary that has been rotated by around 120°, and is the same as an
TDC boundary rotated around 120° in the other direction.  So these boundaries form the same type of triple
junction.

How might  a  DCT triple  junction  be  the  same type  as  a  DTC?  If  you  look  at  a  particular  boundary  from
space you might call it a DCT boundary, but if you look at the same boundary from the center of the Earth (a
gnome’s-eye view) it would be an DTC boundary.  Flipping a boundary 180° around a horizontal axis along
the transform fault makes DCT the same type of boundary as DTC.

Figure 11-1.  The three classical types of plate boundaries that might be present at a triple junction.  D=diver-
gent,  C is convergent,  and T is a transform fault.   The three triple junctions at left  are equivalent through a
~120° rotation around a vertical  axis  through the triple junction (small  circle).   The three triple junctions at
right are the same as the ones at left, except they are depicted as viewed from the interior of Earth.  Hence, all
six of these triple junctions are equivalent to each other.

Exercise  11-1.   List  all  of  the  triplet  permutations  of  the  three  letters  D,  C  and  T  that  do  not  share  a
rotational symmetry around a vertical or horizontal axis.

11.3  Triple junctions with 5 types of boundary
The previous section was a bit of a red herring, because there are not just three types of plate boundary that
might meet at a triple junction (Figure 11-2).  Divergent boundaries are simple zones across which extensional
rifting  occurs.   Convergent  boundaries,  most  clearly  exemplified  by  boundaries  where  subduction  is  occur-
ring, exist in two geometric varieties.  The subducting (or footwall) plate might be on the left of the boundary
as viewed from the triple junction (CL), or it might be on the right (CR).  Transform faults also exist in two
varieties:  left-lateral (TL), in which a person standing on one side of the fault observes the other side moving
to her left during displacement, and right-lateral (TR).  

Figure 11-2.  The five types of plate boundaries that might be present at a triple junction.  D=divergent, CL
is convergent with the subducting plate on the left as viewed from the triple junction, CR  is convergent with
the subducting slab on the right, TL is a left-lateral transform fault and TR  is a right-lateral transform fault.

A math reference on permutations and combinatorics might tell  us that if we have n = 5 boundary types to
choose from (D, CR , CL , TR , TL), r = 3 boundaries we need to choose for each triple junction, we can repeat
our  choice  of  boundary  type  (that  is,  DDD  is  an  acceptable  triple  junction),  and  the  order  of  boundaries
matters (that is, DRL is not the same as DLR), the number of permutations is n r  = 53 = 125.

But  let’s  take  another  look  at  whether  the  order  of  boundaries  actually  matters  in  our  case.   The  rotation
around  a  vertical  axis  renders,  for  example,  DLR  equivalent  to  LRD  and  to  RDL.   The  gnomonic  view
(rotation  around  a  horizontal  axis)  renders  DLR  equivalent  to  RLD,  LRD  equivalent  to  DRL,  and  RDL
equivalent  to  LDR.   By  the  time  we  account  for  all  of  those  equivalencies,  it  turns  out  that  the  order  of
boundaries really does not matter.  In that case, the math reference might tell us that the number of combina-
tions is
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Hn+ r- 1L!
r! Hn-1L!

 = H5+ 3- 1L!
3! H5- 1L!

 = 7!
3! 4!

which Mathematica easily solves using the built-in function Factorial as follows

Factorial@5 + 3 - 1D

Factorial@3D Factorial@5 - 1D

35

Unfortunately,  this  answer does not  help,  because it  is  not  correct.   The thing that  confounds the textbook
equations is that when you look at a right-lateral  transform boundary from above it  is a TR ,  but our gnome
colleagues see it as a TL .   Similarly,  a CR  boundary in bird’s-eye view is a CL  boundary to our distinguished
friends, the gnomes.  On the other hand, a D boundary is D whether viewed from above or below.  

Figure 11-3.  Triple junction on left is viewed from above, and the same triple junction is depicted as viewed
from below:  gnome’s view.  Triple junction at right is an inversion of the triple junction shown at left around
a  horizontal  axis  that  extends  through  the  triple  junction  and  along  the  divergent  boundary.   Rotating  the
triple junction at left has reversed the polarity of the transform fault and the convergent boundary, as shown
on the triple-junction map at right.  Letter symbols are the same as in Figure 11-2.

In the absence of a  suitable formula to rely  on,  let’s  simply write-out  the permutations longhand,  with each
line filled with equivalent boundary sets.

(1) DDD

(2) TRTRTR, TLTLTL

(3) CRCRCR, CLCLCL

(4) DTRTL, TRTLD, TLDTR

(5) DTLTR, TLTRD, TRDTL

H6L DCL CR, CR DCL, CL CR D

H7L DCR CL, CL DCR, CR CL D

(8) DDTR, DTRD, TRDD, DDTL, DTLD, TLDD

(9) TRTRD, TRDTR, DTRTR, TLTLD, TLDTL, DTLTL

(10) TRTRTL, TL TRTR, TR TLTR, TLTR TL, TLTL TR, TRTLTL

(11) CLCRCL, CLCLCR, CRCLCL, CRCRCL, CLCR CR, CR CLCR

(12) DDCL, CLDD, DCLD, DDCR, CRDD, DCRD

(13) DCLCL, CLDCL, CLCLD, DCRCR, CRDCR, CRCRD

(14) DCLTL, TLDCL, CLTLD, DTRCR, CRDTR, TRCRD
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(15) DTRCL, CLDTR, TRCLD, DCRTL, TLDCR, CRTLD

(16) DCLTR, TRDCL, CLTRD, DTLCR, CRDTL, TLCRD

(17) DTLCL, CLDTL, TLCLD, DCRTR, TRDCR, CRTRD

(18) TRCLCR, CRTRCL, CLCRTR, TLCLCR, CRTLCL, CLCRTL

(19) TRCRCL, CLTRCR, CRCLTR, TLCRCL, CLTLCR, CRCLTL

(20) TRCRCL, CL TR CR, CRCLTR, TLCRCL, CLTLCR, CRCLTL

(21) TRCRCR, CRTRCR, CRCRTR, TLCLCL, CLTLCL, CLCLTL

(22) TRCLTL, TLTRCL, CLTLTR, TLTRCR, CRTLTR, TRCRTL

(23) TRTRCL, CLTRTR, TRCLTR, TLTLCR, CRTLTL, TLCRTL

(24) TRTRCR, CRTRTR, TRCRTR, TLTLCL, CLTLTL, TLCLTL

(25) TRTLCR, CRTRTL, TLCRTR, TL CL TR, TRTLCL, CLTRTL

The list above is functionally equivalent to the list I published in 1992, with different abbreviations and using
maps of the triple junctions.  So there are 25 different types of triple junctions that are possible as an exercise
in combinations or permutations.  Which triple junctions actually exist or are kinematically possible is another
question entirely.

Exercise 11-2.  Find at least one type of triple junction that is one of the 25 geometries listed above that
is unlikely to be kinematically possible.  This may require that you enter a kinematic zen state.
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