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Global saelsmicity:
Note | ntermediate- and deep-focus earthquakes
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Interpretation of fault plane solutions of
Intermediate and deep-focus earthquakes
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Fault plane solutions of intermediate
and deep focus earthquakes (Isacks and Molnar, 1971]



The old idea:

Intermediate- and deep-focus earthquakes
occur within downgoing slabs of lithosphere.

Of course, because temperatures are low
there.

Conversely, the occurrence of intermediate-
and deep-focus earthquakes implies the
presence of downgoing slabs of lithosphere.



Intermediate-depth earthquake beneath Tibet
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Earthquake at 61 + 4 km beneath
northern Australia
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Mantle earthquakes

Earthquakes occur in the mantle, including many
at intermediate depths (70-300 km), in several
regions: southern Tibet, Wyoming, north of
Australia, New Zealand, east Africa, the Amazon
region of South America, and more.

These earthquakes, however, do not occur in
dipping zones (sinking slabs of lithosphere).



Intermediate and deep-focus earthquakes.
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Intermediate and deep-focus earthquakes.
All are in island arcs

FIG 28
182-192

4
0 $— ———————————————— pegmeg NEW WEBRIDES | \{a..' U J
" ////f{ P EAREES By
oo_r_______ R et LT (CE FIG 16
5°°_§ / ] A B 5 101-105

Except Two: Carpathians and Pamir-Hindu Kush
[Isacks and Molnar, 1971]



Carpathians
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Carpathians
tomography
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Strain rates from seismic moments of earthquakes
and strain rates in a sinking blob

Sinking blob: High extensional strain rate

[Lorinczi and
Houseman,
Tectonophysics
2009]



Strain rates from seismic moments of earthquakes

and strain rates in a sinking blob 0
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Thus, stretching by 2 times, in 3 Myr 2009]
The bottom sinks at 25 mm/yr with respect to the top.
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Southward
subduction
beneath the
Pamir. GPS gives
~15 mm/yr of s
N-S shortening.

42°N

Rapid NW-SE
convergence on
the NW side of __
the Hindu Kush,

comparable to son i - fecs, et W
60°E 62°E 64°E 66°E 68°E 70°E 72°E 74°E 76°E 78°E 80°E
the rate on the

. e —————— : p Elevation (m)
SO Uth Si d e. ~3000 -2000 -1000 O 1000 2000 3000
— . e Farthquake Depth(km)

0 50 100 150 200 250 300



Ot o Seismic Moments of

- 1983]M7.4

oD Hindu Kush
. Intermediate-depth

” earthquakes
’o.’.'. o €
?. g - North South
Depth (km) |
36N ‘ |70°E| — |70.5°EI — ﬁE
sl RARRRRRRE RRRRRRRRN RRRRRRRRN RRRRRRRRR RERRRRRRE RARRRRRR i ‘
| vertical extensionat " |
:E: so0l- ~100 mm/yr M7.3 | 11410"
Py M?7.
'(7_) 500 - -
._'%J 400 | - ”660"
@© —_—
2 300 - 300 km -
3 200} v - - b
200 M7-5____6 In 3 Myr ) ( )
100 |- (a)—
OMee " tas 1076 —Teeo—Tes —zo00 2010 g0 L£han and Kanamori, GRL, 2016]

Year



69° 70°

—38°

o%;g%____

\
w
o)
-5 =

/fﬂm\\l )
—37° |Hindu Kush|--

|

|

|

| depth [km]

: 0 100 200 300
L m———

|

Fig. 5 °
| | |

1x1013st

strain rate (1/s)

5x 10 st -----

a) strain rate variation with longitude

moments

|a) depth SM
IWest|

F2 [FIFe
I\AM r——_.\/_/\n-\E/;"‘iv

0
50
100
150

7
max. length |
T axgs

Strain
rates
from

Seismic

. zoom Fig. 6o

TO5
hongitude [deg|

'bj Strain rate tensors|

UIBLIOP MO|[EYS

uiewop daap

0.20x10°* g

0.a3x10" 1

East-west profile

b) sensitivity analysis for error estimate

180-265 km|

2x1014 ¢

60-180 kml

[ [ —
deep domain ]
| | [shallow domain i Lol
- A A \\\
- o
I - - — _a\___________lle0-14s-1
— S y \' .
| | oo ___ e
--------- ~A— O =
- - 4 T TT=—=—e__= == i
| average deep == ‘:‘::’ |
e 4 e
—_—— = = === ____,___i—:‘_"_’________11X10'145'1
- v—" .
S
average deep 4‘ /?\ \ | A
& | average shallow _ — e
L L s hallow _ e
8 N
average shallow fo ] A
L& | | _shear r%odul
69.0 . 69.5 70.0 70.5 71.0 71.5 650 700 750 Ikbar]
longitude (deg E) west center east | A counting back from 2015 | | observation
K f t I EPSL 2017 20 WV starting in 1976 30 40 [yr]
, seismogenic
[ u ner e a °) ) ] —@ 110 1l/1 1lr.: 110 fhirl(npg<<[l(|



69° 70°

—38°

o%;g%____

\
w
o)
-5 =

/4\ )
—37° |Hindu Kush|--

Fig. 5
| |

0

depth [km]

100 200 300

300% Myri;----------

strain rate (1/s)

150% Myr? ------

180-265 km|
60-180 km average shallow

a) strain rate variation with longitude

Strain

rates

from
Seismic

b) sensitivity analysis for error estimate

moments

0
50
100
150

CEE T L W " [5) Siran Fate {ensors|
[West I\AM East]

T axes

7
max. length |

UIBLIOP MO|[EYS

0.20x10°* g

uiewop daap

0.43x10°™" /s
- Zoom Fig. 5o

TO5
hongitude [deg|

East-west profile

deep domain
| | [shallow domain

T

average deep

N

Q| 0=

- 60% Myrt

SEeeoo---—---—145% Myr!

o --=={30% Myr?

memmmmmem oo - -] 15% Myr!

Lo an o o 2 e mink, 7
1 b oo& average shallow _ _ — adnin
e et i
I o S A 0
| | h dul
69.0 695 70.0 705 71.0 715 =50 =5 Shear modu
longitude (deg E) west center east | A counting back from 2015 | | observation
K f t I EPSL 20 1 7 20 WV startingin 1976 30 40 [yr]

, seismogenic
[ u n er e a °) ) ] —@ 110 1l/1 1lr.: 110 fhirl(npg<< Tk



Strain at 42% Myr‘1 over a depth range of 85 km (180-
265 km) |mpI|es 36 km/Myr, or 36 mm/yr of
divergence between the top and bottom.

At 200% Myr‘1 over th\e same depth range of 85 km
implies’ 170 km/Myr, or 170 mm/yr, of divergence
between the top and bottom.
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Seismic Moments of Hindu Kush Intermediate-
depth earthquakes
The deep part sinks at ~¥36 mm/yr = 36 km/Myr [Kufner

et al., 2017] (if not 200 mm/yr = 100 km/ Myr [Zhan and
Kanamori [2016]) with respect to the shallow part.

North South

[Kufner et al., EPSL, 2017] [Zhan and Kanamori, GRL, 2016]



Seismic Moments of Hindu Kush Intermediate-
depth earthquakes

The deep part sinks at ¥~36 mm/yr = 36 km/Myr [Kufner
et al., 2017] (if not 200 mm/yr = 100 km/ Myr [Zhan and
Kanamori [2016]) with respect to the shallow part.

As shown by GPS, however,
convergence across the Hindu
Kush is absorbed equally on the
NW and SE sides. Evidence of

subduction of the Indian plate
does not exist.

[Zhan and Kanamori, GRL, 2016]



Seismic Moments of Hindu Kush Intermediate-
depth earthquakes

The deep part sinks at ¥~36 mm/yr = 36 km/Myr [Kufner
et al., 2017] (if not 200 mm/yr = 100 km/ Myr [Zhan and
Kanamori [2016]) with respect to the shallow part.

As shown by GPS, however,
convergence across the Hindu
Kush is absorbed equally on the blob
NW and SE sides. Evidence of
subduction of the Indian plate
does not exist. A simpler
interpretation is that a blob of
lithosphere sinks and stretches.

,

[Zhan and Kanamori, GRL, 2016]
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The old idea, revised:

Intermediate- and deep-focus earthquakes

occur within dewngoeing-stabs-ef mantle
lithosphere.

Of course, because temperatures are low
there.

Conversely, the occurrence of intermediate-
and deep-focus earthquakes implies the

presence of dewngoing-stabs-of cold

mantle lithosphere.



Conclusion

Seismic evidence from the Carpathians
[Lorinczi and Houseman, 2009] and the Hindu
Kush [Kufner et al., 2017; Zhan and Kanamori,
2016] shows the sinking and stretching of blobs
of mantle lithosphere (“deblobbing”), and
hence the removal of mantle lithosphere (but
not as “delamination” as Bird [1978] defined it).



