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Paired Metamorphic Belts

Paired metamorphic belts are sets of parallel elongate
rock unitsthat display contrasting metamorphic
mineral assemblages.

Each pair consists of two belts. a high Pressure-low
Temperature belt and alow P-high T belt.

These paired belts develop along convergent plate
boundaries where subduction is active.



Historical background

Japanese geologist Akiho Miyashiro (1961) was the first to
theorize the concept of paired metamorphic belts.

He noted the existence of paired metamorphic belts, consisting of
high P/T teranes adjacent to low P/T terranes, in young
mountains of Japan and other regions within the circum-Pecific
region. The question arose as to why young paired metamorphic
belts exist in the circum-Pacific, Caribbean, Scotia and eastern
Indian Ocean region and not el sewhere?

Miyashiro’s observation was particularly timely as 1960s
research revolutionized our knowledge of Earth’s dynamic
nature.

Within a few years, the paired metamorphic belts that encircle
the Pacific Ocean were recognized as subduction zone (outer
metamorphic belt) and magmatic arc (inner metamorphic belt)
assemblages that developed in response to lithospheric plate
convergence and subduction.



The paired metamor phic belts correspond with the two major
components of convergent margins.

1) The outer metamorphic belt occurs on the ocean or trench side
and consists of Sanbagawa or Franciscan facies series rocks,
characterized lower thermal gradients and high P/T to very high
P/T mineral assemblages.

* Rapid, steep subduction favors the development of very high P/T
ratios that characterize the Franciscan facies series, whereas
slower, shallower subduction favors the development of the
moderate to high P/T ratios that characterize the Sanbagawa
facies series.

« The outer metamorphic belt also contains hornfels facies, zeolite
facies and prehnite-pumpellyite facies metamorphism from early
ocean ridge alteration.



* However, these rocks are commonly overprinted by more recent
greenschist facies and high pressure assemblages such as
blueschist and eclogite facies rocks due to burial in the
subduction zone.

* Notably, the assemblages of the amphibolite and granulite facies
are absent. (These are high T metamorphic facies’, do you
remember??)

 The outer metamorphic belt is exposed in subduction zone
complexes, accretionary wedges and mélanges.



2) The inner metamorphic belt occurs on the continent or arc side
and consists of Buchan or Barrovian facies series rocks,
characterized by moderate to high temperature gradients and by
moderate P/T to low P/T mineral assemblages.

 The inner metamorphic belt is marked by the occurrence of
hornfels facies, zeolite facies, prehnite-pumpellyite facies,
greenschist facies, amphibolite facies and granulite facies
produced by arc magmatism and compressive stresses.

* Notably, assemblages of the blueschist and eclogite facies are
absent. (These are high P metamorphic facies’, do Yyou
remember??)

* The inner metamorphic belt occurs along the magmatic arc
compl ex.



Paired M etamorphic Belts of Japan
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Figure. The Sanbagawa and Ryoke
metamorphic belts of Japan. From Turner
(1981) Metamor phic Petrology:
Mineralogical, Field, and Tectonic Aspects.
McGraw-Hill and Miyashiro (1994)
Metamor phic Petrology. Oxford University
Press.
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Shikoku and Honshu in Japan: apair of parallel metamorphic belts are exposed along a
NE-SW axis parallel to the active subduction zone

These belts are of the same age, suggesting that they devel oped together

* The NW belt (“inner” belt, inward, or away from the trench) is the Ryoke (or
Abukuma) Belt

« Low P/T Buchan-type of regional orogenic metamorphism

« Dominant meta-pelitic sediments, and isograds up to the sillimanite zone have
been mapped

» A high-temperature-low-pressure belt, and granitic plutons are common
» Outer belt, called the Sanbagawa Belt
« Itisof ahigh-pressure-low-temperature nature

» Only reachesthe garnet zone in the pelitic rocks

+ Basic rocks are more common than in the Ryoke belt, however, and in these
glaucophane is developed (giving way to hornblende at higher grades)

» Rocks are commonly called blueschists

« Two beltsare in contact along their whole length across a maj or fault zone (the
Median Line)

*  Ryoke-Abukuma lithologies are similar to seds derived from arelatively mature
volcanic arc

« Sanbagawa lithologies more akin to the oceanwar d accretionary wedge where distal
arc-derived sediments and volcanics mix with oceanic crust and marine sediment



Some of the paired
metamor phic beltsin the
circum-Pacific region.
From Miyashiro (1994)
Metamor phic Petrology.
Oxford University Press.




Miyashiro (1961, 1973) noted the paired nature of the Ryoke-
Sanbagawa belts, and suggested ...

« Coeval ( nearly of same age) metamorphic belts, an outer, high-
P/T belt, and an inner, lower-P/T belt ought to be a common

« Cadlled these paired metamorphic belts

* May be separated by 100-200 km of less metamorphosed and

deformed material (“arc-trench gap”) or closely juxtaposed
(Ryoke-Sanbagawa)

In the latter cases the contact is commonly a major fault

RECENT STUDIES suggest that Most of these belts are quite
complex, and are not always coeval



On the Japanese islands of Hokkaido, Honshu, and Shikoku (see fig. on next page),
Miyashiro identified three pairs of metamorphic belts of different age that
approximately parallel the trend of the modern Japanese subduction zone. Each of
these belts consists of an outer zone of high pressure/low temperature blueschist and
an inner belt of low pressure/ high temperature rock. This spatial relationship and the
similar age of each outer and inner belt led him to conclude that the belts formed
together as a pair. After the introduction of plate tectonics, these paired belts were
interpreted to be the result of underthrusting of oceanic crust beneath an island arc or
continental crust (Uyeda & Miyashiro, 1974). The outer metamorphic belt was
interpreted to develop near the trench due to the low geothermal gradient caused by
subduction. The inner belt was interpreted to form in the arc, some 100-250 km away,
where geothermal gradients are high.

The application of the paired metamorphic belt model to Japan has allowed some
Investigators to infer the direction of subduction and plate motions at various timesin
the past. At present, Pecific lithosphere is subducted in a northwesterly direction
beneath the Japan arc. The metamorphic polarity of the Sangun/Hida and
Ryoke/Sanbagawa paired belts suggests that they were formed similarly, by
underthrusting in a northwesterly direction. The Hidaka/Kamuikotu paired belt shows
the opposite metamorphic polarity, and therefore may have formed during a different
phase of plate movements when the direction of subduction was from the west of

Japan.
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Sanbagawa facies series progresses from (1) zeolite, (2)
prehnite-pumpellyite, (3) blueschist facies (4) greenschist to (5)
amphibolite facies.

Franciscan facies series progresses from (1) zeolite, (2)
prehnite-pumpellyite, (3) blueschist to (4) the eclogite facies.

Buchan facies series progresses from (1) zeolite (2) prehnite-
pumpellyite, (3) greenschist (4) amphibolite to (5) the high
temperature, moderate pressure granulite facies.

Barrovian facies series progresses from (1) zeolite (2) prehnite-
pumpellyite, (3) greenschist (4) amphibolite to (5) the high
temperature, moderate to high pressure granulite facies.



Low P/T assemblages
Contact facies series

High P/T assemblages Barrovian facies series
Sanbagawa facies series Buchan facies series
Franciscan facies series

Eclogite and UHP rocks

Metamorphic facies

Zeolite - Amphibolite Eclogite

- Greenschist - Blueschist - Granulite
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Two popular examples of paired metamorphic belts are: (1) Sanbagawa-
Ryoke pair, (2) Franciscan- Sierra Nevada belt.

In Japan, where the Sanbagawa Belt represents the high-pressure/low-
temperature belt, and the adjacent Ryoke-Abukuma Belt, representing the
low-pressure/high-temperature belt. The Ryoke-Abukuma belt consists of
Barrovian- and Buchan-facies series metamorphic rocks. The other example
IS represented by the western U.S., where the Franciscan complex contains
rocks metamorphosed at high pressure and low temperature, whereas rocks
exposed in the Klamath Mountains and Sierra Nevada Mountains expose
remnants of Barrovian- and Buchan-facies series metamorphic rocks.

The occurrences of paired belts have since been recognized throughout the
world and include areas in New Zealand, Indonesia, Washington State in the
U.S., Chile, Jamaica., the Alps of central Europe and the northern coast of
South America.
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Most of these areas show evidence of having been associated with
convergent plate margins, where subduction has occurred. It appears that
subduction is necessary to produce the low geothermal gradient necessary to
form the belt of high pressure and low temperature. Such belts are quite
rarely preserved in the geologic record due to the presence of hydrous
minerals during blueschist-facies metamorphism. An exception takes place
when these rocks are uplifted and exposed at the surface relatively fast after
subduction ceases so that these rock units are able to escape being
overprinted by facies of a normal geothermal gradient, as there would be still
fluids available to form the greenschist- and amphibolite-facies mineral
assemblages.

The high-pressure, high-temperature belts are expected to form in areas
beneath the island arc or continental margin volcanic arc. During
emplacement of the arc, these areas are subject to higher-than-normal
geothermal gradients that could produce Buchan-facies series metamorphic
rocks. Furthermore, emplacement of batholiths and isostatic adjustment after
magmatism has ceased due to the fact that these belts of high-T, high-P
metamorphism were uplifted and exposed at the surface.



In the case of the Japanese paired belts, the two belts are adjacent to one
another likely because subduction has moved farther off the coast.
Compressional tectonics between the Pacific and Eurasian Plate has accreted
the idland arc and trench complex to Japan at the end of the Mesozoic.

In the case of the western U.S., the paired belts are separated from one
another. This is because the oceanic ridge that existed off the western coast
of North America was subducted, and the margin changed from dominated
by compression and subduction to a transform-fault margin dominated by
strike-dlip faulting. Isostatic rebound of the highly deformed Franciscan
Complex has resulted in its exposure at the surface.



Significance of Paired metamorphic belts

« Paired metamorphic belts permit the inference of subduction
directions and relative plate motions at various points in the past.

* For example, the Ryoke/Sanbagawa paired metamorphic belt in
eastern Japan displays a metamorphic sequence indicating a
north-west subduction direction. Whereas the Hidaka/K amuikotu
paired metamorphic belt on the western coast of Japan exhibits
opposite orientation, indicating a different subduction direction.
Furthermore, by dating paired metamorphic belts, the origin of
present-day tectonic subduction mechanisms (asymmetric
subduction) can be inferred.



Geothermal Gradient

« Metamorphic belts are a consequence of thermal perturbations,
due to low temperature with respect to pressure ratios (dT/dP) in
oceanic trenches and high temperature with respect to pressure
ratios (dT/dP) in arcs.

« Paired metamorphic belts are the product of subducted colder
crustal rocks, which are taken to depth, metamorphosed and then
exhumed. However, if the rock unit is not exhumed relatively
quickly after subduction ceases, the rock unit will re-equilibrate
to the standard geothermal gradient and the geologica record
will be lost.

* Recently, it has been established that a metamorphic belt no
longer could be considered characterized by a single geothermal
gradient (it is opposite to what Miyashiro had suggested),
because the thermal history must record evolution across a range
of geotherms with time.



Recent discoveries

* Inrecent years, greater knowledge of processes along convergent
plate boundaries has caused skepticism about this simplistic
model. Observations indicate convergent boundaries typically
display obligue motion. The implications of such observations
demonstrate the possibility that metamorphic belts could have
formed in different sectors of the same subduction margin and
became juxtaposed afterwards. Furthermore, accreting
allochthonous terrains along subduction zones as a mechanism,
encourages the skepticism. The contrasting metamorphic
assemblages may have been produced from remote
environments. Moreover, the realization that most metamorphic
belts are not the product of a single geothermal gradient indicates
a more complex mechanism.
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TABLET

Palred metamorphic beits in the circurs-Pacific reglons

Nember

Regian

High-peessare Age of Refereaces
belt belt metamorphism
i Kamchatka Gunalsky Sredinny Farly Mesozole Lebedev eral.
) (1967),
Dobretsov and
Kurods (1969)
L Kamchatka  Karaginsko- (Ceatral Late Mesozoic  Lebedev et al.
Kronotskaya Kamchutks) (1) (1967),
Dobretsor and
Kuroda (1949)
E Hokkaido Kamuikotan Hicaky Crotaceous—  Miyssdiro
Tertiasy (1961,1967)
4 Central Japan  Circum-Hida Hida (partly)  Carbosdferous -
(Oi)
$ Southwes Sangun Hids (partly)  Permian- Miyashiro
Japan Juzassic (1961, 1967)
5 Southwest Smbagawa Ryoke Jurassic- Miyashizo
Japan Cretaceons (1961,1967)
7 Wesemsost  Nuhisonop Absoshims  Cretacecus MNiyahiro
Kyssiu (Nagasaki) (1965),
Karakida 1 ol
(1969)
8 Taiwan Yili Taieko Late Mesozole  Yen (1963)
")
9 Culebes - - - Mirathiro (1961)
1" New Zealand  Wakatipa Tasman Jurassic~ Landis 1nd
Crotacecus Coombs (1967)
1 Cansda o Cansia- Mesozole Monger and
Omiswca Hutchison (1970)
Colambla
12 Washirglon Shukssn Skagit Pecmian (7)  ikch (1966)
State
- clscan Siwrra Nesads  Jurassio~ Hamilton (1969),
1 Coliiarnid Fo Cretacecus Sugpe (1970)
Pichidemu Curepto Late Gonzalez-
M Chile (Eastern)  Paleozole  Bonoriso (I971),
(Western)
Agnirre (1972)

Note: The numbess of regioas in this table ars show ln Fig. 1,



Indian Example

« The Indus Suture Zone in Eastern Ladakh shows two
metamorphic belts, a northern low pressure belt and the southern
high pressure belt. The two belts to be referred to as Pongong
and Zildat-Sumdo metamorphic belts respectively are now
separated by the Ladakh batholith and post-batholith Indus
flyschoidal sediments. Postmetamorphic thrusting has narrowed
the width of the two belts though they can be traced for over
100km in the Indian territory before they extend into Tibet. The
Pongong belt shows andalusite-kyanite-sillimanite type
metamorphism accompanied by andesitic and rhyoalitic
volcanism and granitic activity. The Zildat-Sumdo belt is
characterized by glaucophanitic metamorphism accompanied by
abundant basites and ultra-basites. The two belts do not differ
much in age though the high-pressure belt may be dightly
younger.



Thank You

Disclaimer:

Many figures, and other contents in this lecture presentation have been taken from several reference books and text books, and e-contents available on the
internet.

The contents present in this lecture presentation is solely for the purpose of teaching.

The copyright of the contents are with the original producers and the author doesn’t claim for its originality and in any case would not be held responsible for
any copyright violation.



