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1 Introduction

In September 2007 | spent 18 days in the area of Suusamyr Valley doing structural-geological field
work. The goal of the field work was to determine the direction and sense of shear of fault
displacements. This informations should contribute to the realization of the geological map of the
region.

2 Field work area

The field work region was in the area of the Suusamyr Valley, SW of Bishkek, the capital of
Kyrgyzstan (see figures 1 and 2). This zone lies in the Tien Shan mountain range, a part of the
Himalayan orogenic belt which was formed by the collision of the Indian and Eurasian plates in

the Cenozoic era. The analysed region can be subdivided in the following areas:

+  TB06-Ashuu Pass Region
« EofTaldy-Bulak

» Ala-Bel Pass Region

+  SE of Otmok

»  Karakol Pass

Topographic maps
The used topographic maps 1:100'000 which were produced 1990 by the ‘Kyrgyz Social Soviet
Republic’ SSR are (see figure 3):

+ K-43-39
© K-43-40
o K434
© K-43-42
* K-43-63
*  K-43-64
* K-43-65

+  K-43-66
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Kyrgyzstan

——— International Boundary
—— Province Boundary
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Figure 1: Geografical overview of Kyrgyzstan (image from: http://geology.com/world/kyrgyzstan-
satellite-image.shtml)
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3 Field work methods

To determine the direction and the sense of movement of the fault displacements | searched
appropriate outcrops along the already mapped fault areas. The most difficult part of the work
was to find good outcrops. These are unfortunately very rare. The direction and the sense of
movement could be determined from striations, slickensides and half-moon structures.

Striations are mostly produced by minerals fibres in fine material along the fault plane. Some
striations can also be produced by hard objects driven along the fault surface. The striations give
an information about the direction of the movement.

Slickensides are parallel striations on rock surfaces often composed of fibrous crystals that stretch
from one side of the fault plane to the other. These are produced by relative motion between
opposite sides of fault planes and are commonly associated with brittle faulting [McClay, 1987].
Slickensides form by the progressive crystallization of minerals on the fault surface as the fault
slips. When the fault has little steps or irregularities, sliding produces space in which minerals can
crystallize. Typical precipitation minerals are calcite, quartz and chlorite. The fibers build on the
fault surface steps and can be used to determine the sense of movement. The surface with the
fibres moved from the step in the direction where fibres are going.
From slickensides outcrops | collected the following data:

» theorientation of the fault surface and the plunge of lineation

* observations about fault rock, sense of movement from fibers and steps in the fault plane

and the nature of fiber growth
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Half-moon structures are structures derived from objects which were pressed and driven along a
surface. This moving objects leave a mark on the rock in the direction of movement. By half-moon
structures the leading edges show the direction of the removed block.
From half-moon structures | collected the following data:

* measured the orientation of the fault surface and the plunge of the leading edges

* record observations about fault rock and the sense of movement from the leading edges

z ] = ] _-fh‘i e u
3 e R

i P - ¢

Picture 2: Half-moon structure example from SW T66-Ashuu Pass

GPS measurements, when possible, were collected in all interesting outcrops. The others
coordinates hat to be deducted from the map.
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4 Analysis methods

The goal of the slickensides and half-moon structure measurements is the evaluation of the
orientation of the paleostress tensors. This means the orientation of the principal axes of the
stress ellipsoid at the time of faulting.

The evaluation of the paleostress is a statistical computation. This means that the value is an
approximation for the faults in a geological significant time and is not a true paleostress tensor. In
this sense the term stress is not appropriate because the result is not related to an instantaneous
information at one point. However this information is an approximation of the forces which were
responsible for the brittle deformation [Burg, 2006].

To evaluate the paleostress tensors we used the Programm FSA 28.3 of Célérier. This program
analyses fault and stress tensor data. The input data must include the dip and orientation of the
fault plane and the sense and the direction of movement of the faults measured on slickensides or
on half-moon structures. The Program uses random stress tensors to evaluate the best tensor for
the fault and dip data. The best analytical solutions can then be graphically visualized, which then
allows to choose the best solution.

The output sheets show 4 graphics. The graphic in the upper left corner displays all
measurements. The graphic in the upper right corner shows the 3 main stresses in form of a
pentagon (01), a square (0 2) and a triangle (o 3). The graphic in the centre shows the measured
points in a Mohr diagram. To be consistent the measurements must lie between the old failure
criteria (the line going through the origin) and the new failure criteria (the upper line). The graph
at the bottom shows the angles between the measured bedding and the evaluated stress tensor.
This angle should not exceed 30° to correspond to the main stress o1. This means that relevant
measurements must lie between 0°-30° and 150°-180°, while the others do not correspond to the
main stress [Ghirardello, 2006].
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5 Maps and analysis results

T66-Ashuu Pass Region
In this region 4 areas along faults were investigated. The results are shown in the figures 4 & .
The field data and the evaluated data with the FSA program are given in the appendix.
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E of Taldy Bulak

In this region 1 fault was investigated. The results are shown in the figure 6 & 7. The field data and
the evaluated data with the FSA program are given in the appendix.

Figure 6: Maps K-43-51 and K-43-63

Figure 7: Part of the maps K-43-51 and K-43-63 with the faults and the displacement directions
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Ala-Bel Pass Region
In this region 1 fault system was investigated. The results are shown in the figures 8 & 9. The field
data and the evaluated data with the FSA program are given in the appendix.

R STy P 1190 000 s e s

Figure 8: Map K-43-63

10
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SE of Otmék

In this region 1 fault system was investigated. The results are shown in the figures 10 & 11. The field
data and the evaluated data with the FSA program are given in the appendix.

e e i Ny 1190 600 | e

Figure 10: Map K-43-63

: Z ‘\-\\ N ] : ,/ > . )
Figure 11: Part of the map K-43-63 with the faults and the displacement directions

n
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Karakol Pass

In this region 2 fault systems were investigated. The results are shown in the figure 12 & 13. The
field data and the evaluated data with the FSA program are given in the appendix.

T g O s T

Figure 12: Ma K-43-

\

Fiure 13: Pértof fh map -43-54 with the fﬁlts and the displacemént directions

12
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6 References and Literature

Bons, P. Structural Geology Skript. Eberhard Karls Universitat Tubingen.

Burg, J.P. 2004. Vorlesungsskript Grundzuge. ETH Zurich.

Burg, J.P. 2006. Vorlesungsskript Tektonik. Referenced in: Ghirardello, B. 2006. Visuelle
Satellitenbildanalyse rezenter geomorphologischer Strukturen im Thien Shan, Kyrgyzstan.

Diplomarbeit. Geologisches Institut Universitat Zurich.

Ghirardello, B. 2006. Visuelle Satellitenbildanalyse rezenter geomorphologischer Strukturen im
Thien Shan, Kyrgyzstan. Diplomarbeit. Geologisches Institut Universitat Zurich.

McClay, K. R.1987. The mapping of geological structures. Geological Society of London. Handbook
Series.

13



D-ERDW - Geological Institute — Structural Geology

January 2008

7 Appendix: Field data and analysis graphs

T66-Ashuu Pass Region

"T6O-Ashuu Pass, 19 September 2007°

x
(]
c s @ o]
S = £ 2
5 3 5 5 5
| y S 5 g Z z
Co?rdmates D < o a < 3 3 g
N [] E ] 3 a a 3 = &P &L
4231675 73.81259 35 75 E' 49 ‘N’ 28 401/402
4231675 73.81259 76 30 E' 125 D 29
4231675 73.81259 45 39 E' 75 D 30
4231675 73.81259 90 34 ‘N’ 286 N 31
4231675 73.81259 50 30 E' 170 S’ 30 403
* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
‘Suusamyr valley W T66-Ashuu Pass, 8 September 2007°
*)
c S © o]
ko) = e o
g 3 5 5 5
= & % zZ =
Coordinates v o 8 L s = o
. . = Q Q i =) = Ie)
N [°] E] & Q =) & > o o
4230513 73.72448 5 57 E' 7 S’ 1 121
4230513 73.72448 140 62 ‘N’ 135 S’ | 122
42.30786 73.72361 70 70 W 268 D 2 131
42.30778 73.72320 49 65 W 232 S’ 3 132
42.30525 73.72931 31 86 E' 30 ‘N’ 4 134
* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
'Suusamyr valley SW To6-Ashuu Pass, 9 September 2007"
©
c s © @
S = = te)
- T :
. I T - -
Co?rdmates ) < a o < 3 = %
N [] E[] 3 a a > > &L iy
42.27860 73.76704 150 85 N 138 T 5 150
42.27860 73.76704 152 80 S 160 D 5 151
42.27860 73.76704 140 82 S 155 I5 5 152
42.27860 73.76704 138 82 S’ 137 Ii 5
* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
‘Suusamyr valley SSW T66-Ashuu Pass, 19 September 2007"
©
c % © [0
S = 2 o
5 > 5 g £
= e % Z Z
Coordinates 9 o 2 g > = S
. R = g2 Q ] o) = °
N [7] El] A o) [a) A => [y i
42.26439 73.75881 98 62 S 117 ‘N’ 26 397
4226724 73.75790 47 85 W 240 ‘N’ 27 398
4226724 73.75790 46 84 W 235 ‘N’ 27 399
4226724 73.75790 53 69 W 246 ‘N’ 27
4226724 73.75790 46 63 W 240 ‘N’ 27

* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]

14
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FALLT data typs: FAULT+SLE Main grogram Fes w29,4 on 20-08-2007 STRESS TEMSOR clata type: SiEuberh+r
Fily ramee Too-AshuPass. 10,907 ucdat Subroutice faasttansly vE5,0 o § 3-03-F007 File narmw; Too-Astuy, 7505
Titie: Toa-Ashuu Pass, 19 September 2007 Run an Mac0S 1 05 2-PPCTA00- 20k an 31-03-2008 at 16:25:3 Tale Too-AabuuPass 10,007 udst 75% randor search
Murrber of data 5 Command = 300 Dara no 1 from cocal af 5

North
[
: (0 = 0.70

r
Too-Ashuu '
r0 = 0.70
a8
= ()
an
Reduced Mohr
1 1
= =
0 ]
Q.0 30.0 &0.0 90.0 120.0 150.0 180.0

Misfit angle

Figure 14: Paleostress tensor graphs of “T66-Ashuu Pass”
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FALLT data type: FAULT+5LF Main grogram Fas w204 en 20-08-2007 ETRESS TEMGOR data type: SilEu
File mamie Suscamyr s alley WT o401 74012 4xt Submutice Fsasttansly w25.0 on 1 3-03-2007 File nama: Sussamyry
Tithe; Sussarmyt walbey W Too-Ashuy Pass, B Septerberf@R0m MacOS 1052-PPCTS00-2G0: on 31-03-2008 at 1t BhusarmyrValeyWToc-A0 | 7401 2. tet 7 5% randor search
Mumrber of data: 5 Commara = 300 Datanio 5 from total of 5

i/

Suusamyr v

0 =0.75
o]
i
6]
5n
Reduced Mohr
1 1
z =
0 v
0.0 300 60.0 90.0 120.0 150.0 180.0

Misfit angle

Figure 15: Paleostress tensor graphs of “Suusamyr valley W T66-Ashuu Pass”
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FALLT data bype: FAULT+SLIP Main grogram Fse w294 on 20-08-Z007F STRESS TENSOR data type: SilEulerh+r]
Filp ramee Sussarmyr@alley S8 Too-# 1 32EED dat Suls e Fyasttangly w2500 1 5-03-2007 File name; Sussarmyey, 7505
Tithe; Sumarmyr valey W Tod-Ashun Pass, 9 Septesbdh@lETWMac0s ] O52-PPCTL00-2GHE on 31-03-2008 at 1 Falk Blasamyrealbey SWT 00-4 1 02EEDclat. 7 5% sandors search
Mumber of datac 4 Commara = 300 Data nio 4 from total of 5

North North

[} ) [ I

SuusamyrVa ;0 = 0.84
%

r0 = 0.84

]

i
Sn
Reduced Mahr

17 1
. e
D_ ||||||||||||||||||rr!l|l'|1|l|l||||||| |||||rrll|l|11||||||||||||||I|I U

0.0 30,0 60.0 80.0 120.0 150.0 180.0

Misfit angle

Figure 16: Paleostress tensor graphs of “Suusamyr valley SW T66-Ashuu Pass”
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FALILT data type: FAULT45LIP Rain grogram Fas w2004 on 20-08-7007 STRESS TENSOR chsta bypes: SilEulerierl
Pl ramiee Sussamyr el by SEWTa0a 1 D2 R0, dat ly w250 e 1 3-03-2007 Filn g Sussmaysy, 7505
Tithe: Susssarmyr waling SEW Tab-Ashuy Pass 19 Septesihry S0O0c05 105 2-FPCTA00-2Gr on 31-03-2008 at T5E Sdusamyraln S SWTE0N 103704 dat 7 5% sandom search
Hurmber of datac 5 Commarad = 300 Data ris 3 from total of 5
Nulrth Naorth
] ] \ [
SuusamyrVa ;0 = 0.69

r0 = 0.69
[
-
sn
Reduced Mohr
1 1
= =
0 Y]
0.0 30.0 60.0 90.0 120.0 150.0 180.0

Misfit angle

Figure 17: Paleostress tensor graphs of “Suusamyr valley SSW T66-Ashuu Pass”
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E of Taldy Bulak
'E of Taldy-Bulak, 15 September 2007"
*GJ
o a [
S S 5 S =
] vl i)
= cC £ Z z
Coordinates** g o 2 g ¢ = 0
. . = = je 9 ) = Ie)
N [] E[] 3 0 a % > N 2
4232778 73.30000 52 85 (= 222 D 9 291
4232778 73.30000 91 /8 ‘N’ 85 D 10 293
4232778 73.30000 92 82 ‘N 91 ‘N 10 294
4232778 73.30000 88 80 W 79 ‘N 10 295
4232778 73.30000 110 83 ‘N’ 81 ‘N’ 11 296
4232778 73.30000 105 /8 ‘N’ 87 ‘N’ 11
4232778 73.30000 88 80 (= 95 D 12 300
4232778 73.30000 108 68 ‘N’ 100 D’ 13
4232778 73.30000 109 72 ‘N’ 110 D 13
4232778 73.30000 60 80 (= 68 T 14 301
4232778 73.30000 101 89 S 96 D’ 15

* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
** The coordinates are approximated
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Main grogram Fas w294 on 20-08-2007 STRESS TEMSOR clata type: Si(Euler)

¢ wi S0 on 1 3-03-2007
2GHr o0 31-03-2008 at 1531:08  Take

FALLT data byps: FAULT+5LIP
Files naw; Takdy-Gul, 7505

File rmarmer Taddy-Bubak, 15,007 udat
shthy-Bukak. 1 5,9.07 ucdat 758 randor seanch

Tithe: Takdy-Bulac, 15 September 2007
Datand 3 from total of 5

Commard = 300

Murrber of datac 11

North
1 ]

0 = 0.65

’
Taldy-Bula

r0 = 0.65
s o .
O Qg
sn
Reduced Mohr
1 1
z =
0 Y]
0.0 30,0 60.0 90.0 120.0 150.0 180.0

Misfit angle

Figure 18: Paleostress tensor graphs of “E of Taldy Bulak”
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Ala-Bel Pass Region
"Ala-Bel Pass, 16/17 September 2007"
c é T O
g Y 2 g =
< 2 2 > S
‘ = c % e Z
Coordinates** g o 8_ % = = o
N [7] E[] Z 8 & & S L 2
42.26806 73.02778 155 49 S 144 D 16 323/324
42.26833 73.03056 165 65 ‘N’ 145 D 17
42.26833 73.03056 167 62 ‘N 136 D 17 325
42.26833 73.03056 154 55 ‘N’ 144 D 17 327
40.26444 73.03333 125 86 N 298 i 18 328
40.26444 73.03333 120 70 S 275 i 18
40.26444 73.03333 115 70 ‘N’ 90 ‘N’ 18 329 above
40.26444 73.03333 113 75 N 310 i 18 329 below
42.25639 73.04861 105 70 ‘N 95 S 19 331
42.25639 73.04861 112 55 ‘N’ 70 D 19
42.23861 73.08556 135 55 S 185 D 20
42.23861 73.08556 118 60 S 150 D 20
42.20521 73.23677 45 79 = 50 D 21
42.20521 73.23677 142 65 ‘N’ 318 D 22
42.20521 73.23677 91 84 S 98 T 23 341
42.20933 73.14445 130 65 ‘N’ 340 i 24 342
42.23860 73.08571 155 46 S 165 S 25 343

* [D=Dextral;, S=Sinistral; N=Normal; I=Inverse]

** The coordinates are approximated
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FALLT data type: FAULT+SLEP Main grogram fae w204 on 20-06-2007 STRESS TENSOR cata type: SiEuber)en]
Pl ramer Als-BoPase 16-97.9 07 udat Submyutics Fxrttanaly w250 on 1 3-03-2007 File narres; Al-Ral, 7505
Tithe; Ala-fel Passs, 1617 September 2007 Run on MacOS1 052-PRCTS00-2GHE on 31-03-2008 at 15140 T ithe Ala-BePasy, 16-17 907 udat 7 5% random search
Hurrber of data: 18 Commara = 300 Data nio 4 from total of 5

- ] - 0 =0.74
- @
1
{..
sn
Reduced Mohr
3 3
z -z
= =
1 1
0 4]
0.0 30.0 0.0 90.0 120.0 150.0 180.0

Misfit angle

Figure 19: Paleostress tensor graphs of “Ala-Bel Pass Region”
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SE of Otmék
"Suusamyr valley SE Otmdk, 10 September 2007"
*GJ

c ES g D

S = 2 o

5 S o £ S
Co?rdrnates o < o a 3 3 3 =
N [] E[] 3 a a & = & &
42.17372 73.24648 30 58 W 208 S 6 181
42.17372 73.24648 96 82 S 274 D 7 183
42.17372 73.24648 96 87 S 275 D 7 184
42.17041 73.24768 92 69 S 90 D 8 185
4217041 73.24768 92 70 N 91 D 8 187

* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
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FAULT data type: FAULT+5LI Main prizgram Faa w294 on 20-08-2007 STRESS TENSOR data type: SilEubsr)+rd
ey SECaman | D2EFE clat Sub w50 om 1 3-03-2007 Fi 755

Tithe; Suusayr waley 5 (tmak, 10 September 2007 Aun on MacO51 052 -PRCTA00-2GH: an 31-03-2008 at 1 Felk: BusamyrValley SEQtmao | S2EFE dat 754 sandor search

File romer Susamyry w Framt

e Suusamyny

Hurrber of data & Command = 300 Data ni 1 from total of 5

Nulrth North
] ) ] 1

SuusamyrVa 0 =083

Suusamyrv
rd =0.83
[o]
i
sn
Reduced Mohr
3 3
2 -2
= =
17 1
0 ]
0.0 300 60.0 50.0 120.0 150.0 180.0

Misfit angle

Figure 20: Paleostress tensor graphs of “SE of Otmok”
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Karakol Pass

"Karakol Pass, 20 September 2007"
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* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
"West Karakol, 20 September 2007"
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* [D=Dextral; S=Sinistral; N=Normal; I=Inverse]
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Figure 21: Paleostress tensor graphs of “Karakol Pass”
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Figure 22: Paleostress tensor graphs of “West Karakol”
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