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THE NORTHERN PAMIR AND THE ALAI VALLEY EGusza,
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THE NORTHERN PAMIR AND THE ALAI VALLEY
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- Geodetic GPS velocity ~10-15 mm/yr of ~25 mm/yr
of convergence between the central Pamir and Eurasia.

- Rapid decrease over short dist along northern ir
boundary,
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PRINCIPAL RESEARCH QUESTIONS EGusza,

How is the regional tectonic character reflected
by the geomorphology and earthquake geology
in the Alai Valley?

How much of the Pamir Frontal thrust (PFT) is
activated during an earthquake rupture?

Are paleoseismic slip history and geodetically-
derived shortening rates compatible?
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The presented data is based on five paleoseismological trenches across the Central
Segment of the PFT (Pamir Frontal Thrust)

2017: Achyk-Suu

2018: Ylaisu

1999: Komansu

2018: Tashkungey

S O B TN RS

Central Segment of the PFT



WORKFLOW EXAMPLE: Tashkungey

Foothills Transalai range
(Neogene Conglomerates)
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Fault Scarp

309000,
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High-resolution DEM from drone survey

Trench

dGPS topographic profiles
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South Tashokungeyo Stratigraphy North
Photomosaic of exposed trench walls T-5 L topsol

- Y colluvial wedges
11| wash deposits

: 1| retransported loess

East Wall

" .+ | caCOs horizon

' fluvial terrace deposits

West Wall



WORKFLOW EXAMPLE: Tashkungey @Uﬁ:::n'ﬁ!.,

39.520219°N 72.777639°E

Seismo-structural interpretation T-5

T soil (length of vertical
lines indicates development)

Debris element colluvium
EQ - lower association (rubble)
@Qay - blocks of soil
44» - upper association
Wash element colluvium
~~_ - undifferentiated

McCalpin (2009)

East Wall

West Wall



WORKFLOW EXAMPLE: Tashkungey @Uﬁsm.y
North

South Tashkungey Stratigraphy

39.520219°N 72.777639°E
T_5 Top soil

Colluvial wedges

Trench log

<3 ka

Retransported loess ~7-3ka

R11e: 0.30£0.04
R10e: 0.710.01

East Wall

Fluvial terrace deposits ~20ka

Rble: 1.93+0.03
R9e: 1.55+0.02

R3e: modern
R2e: 0.17£0.09

19— :
L R7e: ModeM | 1o 21.121.1
—
o TSEmny Lie: 4.79£0.35
— * B T L3e: 4.45:0.28
~_— — T
N~ R Vﬁgﬂpw L2e: 2.2540.14
~—— fut
N =
1a) L ' Ree: 0.40+0.05
— AN Rée: 0.36:0.05

L6e: 3.06+0.14

p—
West Wall vz
Rb1w: 1.54+0.05
L1w: 2.03+0.13

Rde: 1.01£0.06

@ IRSL

@ Bulk sall
% @ Gastropods
) % Charcoal

_~~ Fault strand/cracks
> Thrust direction with ave. dipv
s11759 Dip | dip direction of the fault plane

R1w: 0.130.08

ples

Rb2w: 2.73£0.04

0 1 2m
[— |



WORKFLOW EXAMPLE: Tashkungey @Uﬁsm.y

South

. . North
Tashkungey Schematic interpretation o

39.520219°N 72.777639°E

Intermediate hanging Wall Footwall

T‘5 Top soil/Wash  * « | [Top soil |

R11e: 0.30 + 0.04 .
° R10e: 0.71 + 0.01 R A0 08 05
Cc 0 Rb1w: 1.54 + 0.05 | C3 a: SRR
TSa = F2| [TS1 = F1]
Paleosol ®R1Te: 1.93 +0.03 L2e:2.25+0.14
el e s Rb2w: 2.73 + 0.04
R9e: 1.55 + 0.02 c2 S5><L6e:3.06+0.14
Ch S 15e:378+044 [TS2 = F1]
L3e:4.45 £ 0.28
TSb = F2| |c1.2 55 R1w: 0.13 £ 0.08
c [1e: 479035
Ri1e: 0.30£0.04 East Wall a C1.107 = R4e: 1.01 + 0.06
R10e: 0.71x0.01 ast\wa TS3
Rbe: 1.93£0.03 i OL4e: 21.10 + 1.10
Unit 1a/b *R?e:emodern Unit 1a/b
R9e: 1.55£0.02
R3e: modern
R2e: 0.1710.09

'c'.\‘ -~ ) - _ R T
19"// B A ——f R7e: modern

Lde: 21.121.1

L1e: 4.79£0.35
L3e: 4.45:0.28

L2e: 2.2540.14
: =
1a) b Fron R8e: 0.40:0.05
- ‘ R6e: 0.36£0.05
L6e: 3.0640.14

L5e: 3.78+0.44

West Wall

Rb1w: 1.54:0.05

L1w: 2.03£0.13 Rde: 1.01£0.06

® IRSL
@ Bulk sall
% @ Gastropods
) % Charcoal

_~~ Fault strand/cracks
> Thrust direction with ave. dipv
s11759 Dip | dip direction of the fault plane

R1w: 0.130.08

ples

Rb2w: 2.73£0.04

0 1 2m
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WORKFLOW EXAMPLE: Tashkungey
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ESUs,

North

South

Calibration and probabilistic modeling:

Fault zone F1
R_Date T5-R6e (C3) 6
R_Date T5-R8e (C3) 6
Phase Loess capping more mixed C3 north + Topsoil
Boundary EQ TS1 SO
R_Date T5-Rb2w (C2) [
C_Date T5-L6e (C2) &
C_Date T5-L2e (C2) &
Phase Loess capping C2 north
Boundary EQ TS2 Ao
C_Date T5-L3e (C3.1) -
C Date T5-L1e (C3.2) —o—
Phase C3.1 and C3.2
Boundary EQ TS3 —O
C_Date 18TSH_OSL1;southern Terrace —0—
LPhase Loess capping Fluvial deposits from Terrace 10Be Pit
C_Date T5-L4e(Sandy layer in Unit 1b;IHW) — o
[Phase Terrace formation unit 1
Boundary start sequence
Sequence Teshkungey Front Scarp
SO(IJOO 50(|)00 40600 SO(IJOO 20(I)00 10(|)00 (I)
Modelled date (BP)
Fault zone F2
R_Date T5-R11e (reworked topsoil HW) [
R_Date T5-R10e (reworked topsoil HW) [}
Phase Topmost Soil
{ R_Date T5-Rb1w (Ca) )
Phase Solifluctated colluvial wedge
Boundary EQ TSa o
R_Date T5-R9e (Paleosol on Cb) o
R_Date T5-Rb1e (Paleosol on Cb) o
C_Date T5-L1w (iHW retransported loess?) Rl
C_Date T5-L5e (Cb) —Oo—
Phase Loessy chunk in front of bulldozed gravel and covering paleosol
Boundary EQ TSb — O
Phase scarp distant wash desposits from Cc
Boundary EQ TSc —or—
C_Date 18TSH_OSLT (western terrace) -
[Phase Loess capping fluvial deposits from terrace 10Be Pit
C_Date T5-L4e(sandy layer in Unit 1b;iHW) ——————
[Phase Terrace formation Unit 1
Boundary start seq
Sequence Teshkungey
SO(IJOO 50600 40(1)00 30600 20(|)00 10600

Modelled date (BP)

Tashkungey

39.520219°N 72.777639°E

T-5

Earthquake timing

> 0.002 |
g “
S 00011 g3 &
= TS2 11
B ol (3‘ L /A - 1 I I
8 0001 —e— °
o
s TSc 4 F1
0 L= o nl W — — i L | |
20 4.0 6.0 8.0 10.0 12.0

OxCal v4.3.2 Bronk Ramsey (2017); IntCal13 atmospheric curve (Reimer et al 2013)

Modeled thousands years (BP)



WORKFLOW EXAMPLE: Tashkungey @UE:Q:;?A.,

South Tashkungey North
39.520219°N 72.777639°E

Dip-slip per event T-5
fault zone dipslip EQ
F2 0.9 Tsa
F2 1.1 TSb
F2 2.4 TSc

~ . . fault zone dipslip EQ

um \\\{:&\\ F1 0.4 TS1

= ISR F1 0.8 TS2

09m = j T e __::\-\,_,,:j}:::\j»_ _ F1 0.5 TS2

F2 ——— ‘ F1 07 T3




PALEOSEISMOLOGY ALONG THE PFT
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South

R2b: 1.85+0.07

Probability density

L3b:1.87+0.14

0.002

0.001

0.001

Footwall Hanging wall

Komansu
39.505461°N 72.652224°

T-4

Hanging wall

North

Footwall

Top soil

Top soil

Unit 1

Top soil

Top soil |

Unit 1

R2b: 1485\1 0.07
KOb1 SsF2.2

R1b: 2.57 + 0.09
L1b: 3.69 £ 0.16

KOb2
Unit 1

~SF2.1

Back Thrust

West Wall

L2b:1.12+0.09
L1b:3.6940.16

- 0
i KO2
/\&L Front Thrust

e o
i “ KOb2

y | KObf

y - Back Thrust .

© —o—

0 20 4.0 6.0 8.0 10.0 12.0

Modeled thousands years (BP)

L2:1.43+£0.10

c2 ©

KO1 = F1

Frontal Thrust

West Wall

L3:3.240.22
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PALEOSEISMOLOGY ALONG THE PFT ESusza,

South Ylaisu North

39.47916°N 72.52376° Hanging wall Footwall 2

o

East Wall T—3 e - %
: Unit1 § o
12:21.3¢13 I 83
Rb1e: 0.61+0.04 7246427 YL1 ~<F12 “~“=F11|- s
Rb2e: modern s
SN
R2e: 0.16+0.09 s
+ (%
__________________ ;2

<

“

Channel ©L1 315+171
Unit 1

L6:17.9+1.1 L5: 4.20+0.37

R1e: 3.3110.04

e

West Wall

L3: 8.68£0.5
R5w: 0.3810.04

L1:3.15£0.21
Rb1w: 0.82+0.05

R3w: 5.21+0.09

> ° R4w: 2.57+0.09
-— _ -
2 0,002
[
3
L4: 3.62+0.39
0.001
= YL2
s YL
-Q 0 1 1 1 1
o o —o—
& 0 20 40 6.0 8.0 100 120

Modeled thousands years (BP)



PALEOSEISMOLOGY ALONG THE PFT
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South

Achyk-Suu

North

Intermediate hanging wall Footwall
39.478409°N 72.508396°E Top soil | [Top soil Top soil_ *Fo58 02 %10
R7w: 0.38 £ 0.05
T_ 2 Cd/wash cq *

ASa = F4| AS1 = F1|
R10e: 1.14 +0.05 Réw: 1.14 £ 0.05

Cc * Rb1e: 0.14 + 0.08 c3.2 ﬁ' R5w: 1.06 + 0.06

M L
ASb = F4] I A 18 .3411%%./%5:%%5)’ oo
Unit 1a/b C3.1® * ,>_Row:1.12:0.05
Cb
Rew: moderm ASc = F4] R4 DT5E000 |

Top SOil e Rpw 023 5 002"

Rb3w: 0.59£0.04
R10w: 0.30£0.12  Rb2w: 0.5310.02

Z @ Rb3w: 0.59 £ 0.04
£ % R8w: modern
@*R10w: 0.30 £ 0.12

___ rsame 'T":ﬂ

R10e: 1.1410.05

Rb1e: 0.1410.08
_____R9e:0.80:0.12

Riw: 1.06£0.06
R2w: 1.12£0.05

Rie: 3.85£0.06
/ Rée: 1.38£0.04
- R7e: 1.78£0.05
\”‘_'\ __ Rée: 0.1120.08
T RSe: 0.19:0.10
0.002 | - T
%‘ 0.001 Fpay 4 / 772008
GCJ ‘ ASc ASb ASa Rs2e: 5.79£0.07
g 0 1 € — I 1l 1 1
L o S— o
£ 0.001
% F2-3
o ASi ASo
(@] ol I 1t
sl & o o G \
O o001} 1 |AP3 3 Tf
F1 R
asal || \as2 || Ast SR
060 o o ' ' ' S N\ \‘-31\‘ W\
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PALEOSEISMOLOGY ALONG THE PFT
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General
Assembly

South North
Achyk-Suu
39.475939°N 72.498243°E
Hanging wall Footwall
Top soil Top soil * J1g321431% 08
RECZE0H0 Unit 16 At ®Rb2e: 173:0}F3
Rb1: 0.140.08 A5 = F1| |UnitV O15e:1.72+0.14
Rb2: 1.78£0.04 Unit 1a
L5:1.72+0.14 C1
. A2 = F2
%T/ L[3e: 2.03 £ 0.20
- s R2e: 148 £ 0.04
- . Unit IV
D e A3 =F2
;: - B 205020 Unit Il
-7 . _ > R2:1.4820.04
0 1 2m
>
=
8 0:002
S o
o AS3
>
=
5 0.001
[} 5 10 km
« As4 [ INASZ pgy ASO 1
o ! /’\ /N\\‘——v‘ L % 50 - \
& 0 ap—- 5 : : - : T1T2 0 e A
€20 4.0 6.0 8.0 10.0 12.0 \ {“ ‘ (A
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;‘ VR Y A ) N

Modeled thousands years (BP)




Assembly

PALEOEARTHQUAKE TIMING: Central Segment @U

Intergration of paleoseismic data from each trench

T1T-2 T-3 T-4 T-5
O | I I I I
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X
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PALEOEARTHQUAKE TIMING: Central Segment @Uﬁss:,;adly
Optical correlation of earthquake chronologies between all sites
T1T-2 T-3 T-4 T-5
0 | T I I I
E1 * SQ3.2
g ADT} . . :
) A2¢ + SQ2.2
E3 A3 * YL1
SQ34
4t ‘
+ w SQ2.4 }
E4 A4
B SQ3.5
6 ¢
o
m | E5
B
8
8
E6 A5 N
1or [ ’\’”é’*‘/ o \
/j\\—'“\\ }_/'"/
12} Ak o
/_{/ ) central segment of the PFT
0 I5 1IO 1|5 2|O 2|5 3|0 3|5
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PALEOEARTHQUAKE TIMING
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Optical correlation

T1T2 T3 T4 5
T : .

E1

A2¢

>

E2  Adife

} + YL

2k
E3 A3~

4
E4 A4

SQ3.2
SQ22

Yi2 sQ2.4

E5

cal ka BP

)
T

E6 A5

|
|

P VAR
~

e

/_)\'*~—\\,/~'

central segment of the PFT

L . . . L .
10 15 20 25 30 35
Distance along the fault (km)

Multi-event PDF intergration
after Biasi & Weldon (2009) and DuRoss et al. (2012)

Probability density Probability density

Probability density

-
N

e
o

x103

E1
954 + 82 cal yr BP

E3

15
. X103

-
P
-
-

2.0 4.0
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E5
5247 * 461
cal yr BP

6.0

18

12|

1994 + 158 cal yr BP

12+

06

_x10° - = - Ab1*A2*SQ2.2
——SQ4.1
--+--SQ5.1
E2
1471 £ 21
cal yr BP
1.2 1.6 2.0
x103
E4
3870 * 97 cal yr BP

- = —-A4*SQ2.3*YL2
——SQ4.2
--¢--85Q5.2

5.5 7.0

x103
I Summed
[ Product
—&— Product mean t 20

E6
9294 * 1883
cal yr BP

15.0 25.0 35.0

cal ka BP



PALEOEARTHQUAKE TIMING
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ESUs,

slip probability

Revised chronology of surface-faulting during segment-wide

earthquakes for the central segment of the PFT

Probability Density

After Biasi and Weldon (2006)

And Wells and Coppersmith (1994)

0.020 E2 modelled
earthquake timing BP
0.015 + E1:954 £ 82 yr
E3 E2: 1461 £ 22 yr
E3: 1994 + 158 yr
0.010 E4: 3870 £ 97 yr
E1 E5: 5247 + 461 yr
E4 E6: 9294 + 1883 yr
0.005 F —e— mean * 20
L E5 E6
0000 ® 6 o " [;\\_.¥ ] 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0

modelled ka BP

Probabilistic paleomagnitude estimates from average dip-slip per event from all trenches

d=2.5m

et
0

o

reverse faulting
M = 6.64+0.13%0og(D)

all faulting updated
M = 6.94+1.14%log(D)

E1 d=17m E2 | d=tam E4 | a=tsm E5! | d06m E6 |

L ~Mw 7.1 | ~Mw 6.8 | 05| ~Mw 7.0 | ~Mw 6.8 | |~Mw6.0 |
' | 1 05 i

ﬁ | ? r !

0 A& 0 A«v 0 A‘& 0 JL;=__

5 6 7 8 6 7 8 5 6 7 8 5 6 7 5 6 7 8

magnitude



CUMULATIVE DIP SLIP — SLIP RATE
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T-2 Achyk-Suu

dip slip 199+0.1m
vertical offset 7.3+0.2m

T-5 Tashkungey

| W

N dip slip 15.8+0.2m
] A vertical offset 5.5+0.2m

General stratigraphy along the
central segment of the PFT

Top soil

. <3ka
Colluvial wedges

~7-3ka

Retransported loess

Fluvial terrace deposits ~20ka

terrace formation age
~23.0 ka ~21.1 ka

retransported loess
~6.85 ka ~6.21 ka

I\
m?«\

7,3
\
‘8 \

T1 /*)
N \ é) “‘l i
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CUMULATIVE DIP SLIP — SLIP RATE

( EGUssEby

T-2 3.1 mm/yr

T-2_ 0.9 mm/yr

120 80
dip slip 199+0.1m
vertical offset 7.3+0.2m 200] o
60}
80}
50}
60| {1 a0}
30}
40
20}
20}
10}
0 0:5 1.0 1‘2 2:0 %.7 3.0 33 s 3.6
Rate (mm/yr) Rate (mm/yr)
MIN - SLIP RATE - MAX
T-5_08mm/yr  T-5_ 2.4 mm/yr
80 - , 80 , : ,
dip slip 15.8+0.2m 70 I I 7
vertical offset 5.5+0.2m 1l
60} o R 60
50} | R 50
40 g 40
30} 1 30}
20+ 4 20
10} R 10
o - oM
8.60 0.75 0.90 %.0 2.2 2.4 2.6 2.8
Rate (mm/yr) Rate (mm/yr)

probabilistic calculation: slip rate calculator 0.1.2 by Richard Styron



SUMMARY - segment-wide vs. partial segment ruptures
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G

General
Assembly

central segment

P Probability 0.005 0.01
i T T C i | E1
I I
— ! ! E2
C Lo I . E3
| 1 | 1
| 1 : |
= b | ] E4
5000 (. I ! ES
| | ! 1
1 I : 1
& : : [ :
| : |
;_a 1
f il | : E6
1 1 | |
10000 | | | |
1 1 | 1
1 I I
l 1 I I
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1 |
1 I
1 I
I
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g SR QR A W
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’ 280000 290000 300000 310000‘ v
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PRELIMINARY CONCLUSIONS EGusza,

1. Segment-wide maintenance of seismogenic rupture style

- at least 2 earthquakes ruptured along the entire length of the segment:
E2: 1.4 ka BP and E4: 3.9 ka BP

2. Partial rupture in the western part of the segment

- small earthquakes?
- tail end of ruptures that initiated in the western segment?

0 Probability 0.005 0.01
[ T - T 1

£ 3. Slip-rate disparity

E4

E5 Short-term rate (10 mm/yr)
Vs.
Long-term rate (1-2 mm/yr)

K
5000 >

Years BP

E6

10000 |-

Slip Rate mm/yr

- aseismic creep?
- how is strain distributed
in space an time?
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