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Alfred Wegener

* Trained as an Arctic Meteorologist

* 1912, published the theory of “continental drift”
« Common geology and fossils between continents
e Could not find how the plates moved

Source of Alfred Wegener Image: http://www.uni-graz.at/en/print/igamwv‘\jw_a-wegener.jpg

ource of Pangea Map: http://www.visionlearning.com/library/modules/mid65/Image/VLObject-829- /
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Pangaea to Today

PERMIAN TRIASSIC JURASSIC
225 million years ago 200 million years ago 135 million years ago

65 million years ago

Source of time lapse plate positions:




"Plate Tectonics — the motion of the
plates on the surface of the Earth

 Lithosphere = crust + the top (cooler) part of the
upper mantle.
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Source of Image: http://www.physicalgeography.net/fundamentals/images/lithosphere.gif
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How plates move

Convergent
Plate Boundary

continental plate
oceanic plate A P

melting

earthquakes

Divergent Plate Boundary > 7

<

lithosphere lithosphere

Transform Fault

Source of Divergent Plate Boundary:
http://www.cotf.edu/ete/images/modules/msese/earthsysflr/EFPlateP3.gif

Source of Convergent Plate Boundary:




: What influences the motion of

plates?
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driving plates apart =
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Source of diagram: http://quakeinfo.ucsd.edu/~gabi/sio15/supps/slab-ridge.gif

SLAB PULL
old dense, heavy plate sinks
pulling plates behind

o

A8, It le Lithosphere
& Trench Al Trenct

/




Goals

» Create better visual aides for plate tectonics

e from 2-D maps to 3-D animation
Hemispheres
Color coded and updated motion
Zoom in on Asia

* Generate template that can be built upon for
GPlates
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Pre-existing Animation
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million years ago

Source of animation: http://tectonics.caltech.edu/outreach/highlights/sumatra/what.html
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A better hemisphere animation

Animation to show the location
of the continents from 140 million
years ago to today.

140

Million
years ago
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A. Replumaz & P. Tapponnier (2003)
ETG 1-8 REPLUMAZ AND TAPPONNIER: BLOCKS RECONSTRUCTION OF ASIA
Table 2. Step-by-Step Euler Poles, Block Motions Relative to Siberia
Block Latitude Pole Longitude Pole Angle of Rotation References
Time Step 05 Ma, 25 Blocks
India 244 17.7 =25 DeMets et al. [1994]
Tarim 43.5 95.7 32 Avouac and Tapponnier [1993]
Ordos 422 17 25 Zhang [1994]
South China 6.5 101.4 1.6
Hebei 583 1398 -5
Shanxi 572 133.1 -12
Qilian 323 1023 6.3
Qiangtang 205 99.5 6.7
Sungpan 16.6 105.2 2.8
Nan Qilian 30.8 103.2 54
Qinghai Tung 319 103.1 55
Qaidam 30 105.6 47
East Lhasa-Himalaya 30.7 ~163 ~13
‘West Lhasa-Himalaya 343 99 ~14
‘West Tibet 383 4.7 ~14.3
Kunlun wedge 39.8 1055 29
Altyn Shan 433 96.7 45
Ferghana 326 66.2 22
Alay 377 67 —44
Tadjik 372 69.1 ~13.5
Pakistan 04 1542 13
Shillong ~16.9 1743 > 4 3
Myanmar 159 1248 42
Indochina 182 1043 33
‘West Sumatra 213 1.2 33
Time Step S—10 Ma, 21 Blocks
India -115 -133.6 31 Patriat and Achache [1984]
Tarim 35 95.7 25 Avouac and Tapponnier [1993]
los. 422 17 =25 Zhang [1994]
Southeast Asia 10.5 1202 2
Hebei 10.6 1011 13
Shanxi 57.2 133.1 -12
Qiling 236 106.7 38
Qilian 325 1013 33
Qiangtang 169 1204 )
Sungpan =52 1227 19
Nan Qilian 3L1 1019 &1
Qinghai Tung 299 102 23
Qaidam 304 100.4 6
Himalaya 0.1 164.3 L3
Kunlun wedge 278 121.5 12
Altyn Shan 393 93.8 73
Ferghana 326 66.2 =22
Alay 3 67 44
Tadjik k1 69.1 ~13.5
Myanmar 54 . el ~4.6
‘West Sumatra 129 1279 22
Time Step 10— 15 Ma, 14 Blocks
India 215 277 =27 Patriat and Achache [1984]
Tarim 835 95.7 13 Avouac and Tapponnier [1993]
Southeast Asia 26.3 1.1 ~0.6
Qiangtang 465 —-47 -14
Sungpan 479 6.3 =11
Qaidam 321 102.5 2.8
Himalaya 39 125.6 1.8
Kunlun wedge 331 86.2 8.1
Altyn Shan 385 93.6 42
Ferghana 36.3 68.7 =35
Alay 375 67.7 =35
Tadjik 36.1 67.5 =35
Myanmar 0 180 22
‘West Sumatra 172 -170.7 1.7
Time Step 15 30 Ma, 8 Blocks
India 144 36.7 -85 Patriat and Achache [1984]
Indochina 53 86.2 10.7 from Briais et al. [1993]
Pamir ~1.8 160.5 14
Pakistan 269 50.5 ~48
Sichuan 4.5 120 -0.9
Qiangtang 575 81.1 ~19
S : Replumaz, A. & T ier, P., “R tructi f the deformed collisi
ource: neplumaz, A. apponnier, ., econstruction o e aertormea collision zone
Bet Indi d Asia by backward moti f lithospheric blocks”, J | of
etween India an Sla Dy backwar otuon or litnospneric bBIOCKS ', Journal o

Geophysical Research, Vol. 108, No. B6, 2003.




/Original Data Presented the Old Way\

Hi: Himalaya; Indo: Indochina; In: Indochina North; Te: Indochina Centdy;
Is: Indochina South; KR: Khash Rud; Lh: Lhasa; My: Myanmar; Pk: Pakistan;
Pm: Pamir; Qg: Qiangtang; Si: Sichuan;

——— block positions at 15 Ma
90° 100° 110° |-~ inferred inactive fault trace

70° 80°
Source: Replumaz, A. & Tapponnier, P., “Reconstruction of the deformed collision zone
K Between India and Asia by backward motion of lithospheric blocks”, Journal of /
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ATLAB used to calculate new pole

REPLUMAZ AND TAPPONNIER: BLOCKS RECONSTRUCTION OF ASIA

Table 2. Step-by-Step Euler Poles, Block Motions Relative to Siberia

Block Latitude Pole Longitude Pole Angle of Rotation References
Time Step 05 Ma, 25 Blocks
India 244 17.7 25 DeMets et al. [1994]
Tarim 435 95.7 32 Avouac and Tapponnier [1993]

J MATLAB 7.7.0 (R2008Bb)

File Edit

D Mame

E add_poles.asv

*' add_poles.m

[Z] aisa rotation iles 1.txt
@ asia rotation excel xlsx
combined.dat

£4] India Map LPS.docx
outlines.dat
outlines_2.dat
outlines_3.dat

m poles.rot
poles_old.dat
reconasia.dat

[Z] tmp.txt

Debug Desktop Window Help
NS sR20 | RO
Shortcuts 2] How to Add 2] What's New

Current Directory *+ 0O 2 X

) » Di » SUMMER_STUDENTS

42.2

Date Modified
7/16/09 12:13 PM
7/21/09 10:36 &AM
7/20{09 11:54 AM
7116/09 12:40 PM
7/6/09 12:40 PM
7120§09 9:28 AM
712j09 11:55 AM
7i2j09 12:22 PM
712j09 2:53 PM
7/20{09 12:13 PM
712009 11:54 AM
7/20/09 12:54 PM
716/09 9:12 AM

117

Current Directory: ‘ D:\SUMMER_STUDENTS

v @ » -

Zhang [1994

ommand Window

@ Mew to MATLAB? Watch this Video, see Demos, of read Getting Started.

~
S

add_poles.m (M-File)

Command History

w0 a2 X

>5 add_poles
lon =

97.2584

lat =

1.5600

angle =
24.8082

>> add_poles

E-4-- 7/15/09 9:07 AM —-%
. “vadd_poles lon =
E-5-— 7/15/09 11:42 AM —-%
- —— 98.7207
E%-- 7/16/09 9:07 AN —-%

“radd_poles Yt =

$-— 7/21/09 10:22 AM —-%
%—— 7/21/08 10:23 AM --% _1.5126
fex—— 7/21/09 10:24 AM —-%
B-%-- 7/21/09 10:26 AN —-%

“-add_poles angle =

20.8644
fx > i

£e
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Computed Poles of Rotation

% ¢

Ay: Alay; AS: Altyn Shan; FR: Farah Rud; Fa: Ferghana; Hi: Himalaya;
Indo: Indochina; KR: Khash Rud; Kw: Kunlun wedge; Lh: Lhasa;

My: Myanmar; NQS: Nan Qilian Shan; Pk: Pakistan; Pm: Pamir; Qd: Qaidam;
Hi: Himalaya; Indo: Indochina; In: Indochina North; Ic: Indochina Centér;
seA: South-East Asia; Si: Sichuan; Sg: Songpan; T: Tadzhik; Ta: Tarim; Is: Indochina South; KR: Khash Rud; Lh: Lhasa; My: Myanmar; Pk: Pakigtan;
TS: Tien Shan; wS: West Sumatra; Pm: Pamir; Qg: Qiangtang; Si: Sichuan;

Qg: Qiangtang; QL: Qiangtang/Lhasa; QT: Qinghai Tung; QI: Qinling;

Smillion years ago 10 millon years ago 16 million years ago v Wmillon yearsage
Plate Name Latitude Longitude Angle of Rotatior Combined Plates 1( Latitude Longitude Angle of Rotatior Combined Plates 1£ Latitude Longitude Angle of Rotatior Combined Plates 3ll.atimde Longitﬂehllgleniﬂomion
Indi us o m 25 Inda TR 26068 74702 India 485 50888 100954 India M T 6335
Tatim 435 917 32 Tatim 434999 9.7 5.7 Tatim 434398 917 7 Eurasia ‘ msss 95.7 3?:
Ordos oo 26 Ordos AN 6299 § Euria A9 62998 5 Euasi R R29%
South China 65 014 16 Southeast Asia 9813 11T 35512 Southeast Asia 46667 119,665 37427 Eurasia | 4388? 119385
Hebei B3 198 15 Hebei G10861 637046 13267 Eurasia SLOB61 637046 13257 Eurasia ‘ 5L0861 63.?045
Shani w2 12 Shani ST 466999 24 Euasi ST 46698 24 Euasi AN 4609
Qllian Ry 102l §.3 Gilian 32363 1019524 95998 Eurasia 32363 1019524 95998 Eurasia 3605 1019524
Biangtang 05 995 6.7 iangtang 128761 1048272 82824 Gliangtang 57687 1115M9 84912 Giangtang | 53288 1'6;2531
Lhasa- part of Gliangtang 205 995 6.7 iangtang 128761 1048272 82624 Diangtang 57687 1115M9 84912 Lhasa ‘ 37803 1005134
Sungpan 166 1062 28 Sungpan 80631 1126405 45672 Sungpan 47675 121549 47853 Gliangtang ‘ -229016 msm
Man Gilian 08 1032 54 Nan Qiian 089t 1027209 84396 han Glian 08316 1027209 84996 Eurasia ‘ msis 101?209
Qinghai Tung ik, 1034 5.5 Qinghai Tung 3296 1028041 7,796 Ginghai Tung 2B 102804 1.7988 Eurasia | 31298 1023041
g 1 47 Gidam WML ORT 0892 Qiidam SN 112588 L4905 Eupasia 7 L
East Lhasa-Himalaya 307 463 13 Himalaya 272 1638541 27012 Himalaya M7 1638541 27012 Himalaya ~222834 29441
Stable Eurasia Stable Eurasia Stable Eurasia ‘¢« Stable Eurasia
s 8, d
&y “ <

70° 80° 90° 100° 70° 80° 90°




— ~

924 0.0 -Y7.2 ) -46.9 2.4

924 5.0 -37.2 | -46.9 2.4

924 }0.0 -347.2 | -46.9 2.4 .

925 . 0

.25 Assigned Plate 5

925 3

->- Numbers 5

925 $0.0 -11.1 63.7 1.3

926 Jo.0 a0 a0 0.0 Shan

926 |5.¢ : 7 4.5 Shan

926 J0.¢ Latitude 0 11.8 Shan .
926 5.0 4o.2 94.7 16.0 Shan

Sb o L pds | plate motions
927 Jo.o0 0.0 ;

927 |5.0 34.4 LongltUde

927 0.0 -15.8 [|-142.7 7.4 0
927 15.0 -§7.5 |14s5.1 Lo oo 93. Stable Euras"?
927 30.0 -36.9 | 177.7 i !
e 1oo 12177, Millions of Years

928 |5.0 0.4 | 154.2 1.3 'Hakistan

928 0.0 0.2 | 159.6 2.8 'Hakistan

928 P T ST =Fan

928 $0.0 -18.7 [-144.3 9.4 :

929 Jo.o0 0.0 0.0 0.0 e of Rotation

929 5.0 -16.9 | 174.3 2.1 illong

929 0.0 -J0.0 | 169.9 3.5 illong

929 5.0 -0.0 | 169.9 3.5 illong

929 $0.0 -13.1 [|-156.7 11.3 illong

930 0.0 0.0 0.0 0.0 asa Himalaya We

530 5.0 34.3 9.7 -1.4 asa Himalaya We

930 0.0 -17.1 | 175.1 By S -

930 §5.0 -77.1 [ 175.1 2.7 Fixed Plate

930 $0.0 -32.3 [|-140.7 10.1 e e e

931 0.0 0.0 0.0 0.0 asa Himalaya Ea

831 5.0 J0.7 -16.3 -1.3 asa Himalava Ea

931 J0.0 -14.3 | 163.9 2.7 asa Hi :

931 J5.0 -J4.3 | 163.9 2.7 --= n. Extra Information

931 0.0 -32.3 |-142.9 9.7 asa Hi

932 Jo.0 0.0 0.0 0.0 'fadzhik like Plate Name

932 [|s.0 $7.2 69.1 [|-13.5 dzhik

932 J0.0 -37.2 |-110.9 370 'fadzhik

932 5.0 -37.6 [-111.1 12.3 dzhik

99—"30 "2 -111=r" 12.% adzhik
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Animation to Date
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Animation to Date
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0 0
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60° 70° 80" 90’ 1000 1100 1200 130°
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Animation to Date
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