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Tectonic transition and extension at the eastern and western ends of the Altyn Tagh fault: insights

from triple junctions

Abstract: [Objective] The Altyn Tagh fault (ATF) is the largest left-lateral strike-slip fault on the northern margin of the
Qinghai-Tibet Plateau, extending for about 1600 km. It accommodates a considerable portion of the India-Eurasia
convergence and is widely regarded as a key tectonic boundary influencing the plateau’s uplift and outward growth.
However, its mode of propagation remains debated. Resolving this debate requires clarifying how the ATF evolved into its
present configuration and how it connects with adjacent structures such as the Qilian orogenic belt and the Qimantagh-
Eastern Kunlun fault. In this study, we use the concept of triple junctions to investigate key transition zones at the eastern
and western ends of the ATF—namely, the Subei and Tula triple junctions—to shed light on the fault’s Cenozoic
segmented rupture and bidirectional extension. [Methods] Triple junction analysis, a fundamental method in plate
tectonics, is utilized to assess fault properties and fault stability from a kinematic perspective. Additionally, GPS data and
seismic source mechanism solutions are analyzed to characterize the current kinematic behaviors and movement directions
of the faults. [Results] (1) Transition between ATF and Qilian orogenic belt: Subei triple junction. The central segment of
the ATF was the earliest to become active during the Cenozoic, generating a compressional horsetail splay on its eastern
termination. The Danghe Nanshan fault and Yemahe-Daxueshan fault emerged as part of this horsetail splay. As left-lateral
strike-slip motion on the ATF accelerated in the Miocene, large offsets developed between the Tarim, Qaidam, and Qilian
blocks, giving rise to a triple junction near Subei. Initially, this triple junction was unstable, and the Qilian block
experienced extensional strain relative to the Tarim block, indicating a local stretching environment. To achieve stability,
the ATF progressively “straightened” eastward, ultimately supplanting the Yemahe-Daxueshan fault. Its western segment
was reoriented to run parallel to the ATF, while the Danghe Nanshan fault remained as the key boundary on the Qilian side.
Consequently, a stable triple junction formed at the intersection of the ATF’s central and eastern segments with the Danghe
Nanshan fault. At the present leading edge of the ATF’s eastward propagation, the Hongliuxia fault displays a similar
evolutionary trajectory, suggesting that the ATF continues to extend by reconfiguring secondary faults. (2) Transition
between ATF and Qimantagh-Eastern Kunlun fault: Tula triple junction. The ATF’s central segment spawned a tensional
horsetail splay at its western termination, involving the Tula and Baiganhu faults. When large-scale activity on the Eastern
Kunlun fault commenced in the Miocene, the Qaidam block began moving relative to the Eastern Kunlun block, producing
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an unstable triple junction in the Tula region. To achieve a stable configuration, the ATF propagated westward along a
more linear path, gradually diminishing activity on the Baiganhu fault. As a result, the stable triple junction—involving the
Tarim, Qaidam, and Eastern Kunlun blocks—ultimately localized where the ATF meets the Qimantagh-Eastern Kunlun
fault. This westward “straightening” and the concurrent reduction in subsidiary fault activity have fashioned the current
tectonic framework at the western end of the ATF. [Conclusion] (1) The ATF has undergone a segmented
rupture—bidirectional extension process throughout the Cenozoic. (2) The Miocene activation of the Yemahe-Daxueshan,
the Qimantagh-Eastern Kunlun and other fault systems led to the formation of two triple junctions at Subei and Tula,
respectively. These junctions were initially unstable, prompting secondary faults to “shortcut” and realign and leading the
ATF to straighten and extend farther east and west. [Significance] This study refines our understanding of how the Altyn
Tagh fault expanded along the northern margin of the Qinghai-Tibet Plateau. By applying triple junction concepts to
continental blocks, we illustrate how block interactions have governed the ATF’s segmentation and through-going
evolution. The proposed segmented rupture—bidirectional extension framework reconciles geological observations of
Cenozoic deformation along the ATF. It also underscores the importance of analyzing triple junctions in understanding
large-scale tectonic reorganization.

Keywords: Altyn Tagh fault; northern Qinghai-Tibet Plateau; triple junction; tectonic transition; Qilian orogenic belt

W B MRAMRATENTRGRLENXBENEAR, HEMFT AW ELRNFAERFTE TR
WEKBRAEE, MREHRT IR QBN W ETZESEMTELR, H4 8 5% L& LFAREHE
B-AREOW AT HEREFT RO ALRRZL, ZRHRAONERIWESE PN EELT T, HE=
ARERBRTHREN, —HKARIUENNZHFAEBT THRNWEL AR, 4. G
WERHN, ZAAMTHALH AT FRSATRREUNF LS LR AN M ERESEI T &
FEH =B AEREMAEN, WETX2ANAZBHANELER, HFRERLW, BLA-KRF LA 54 258
AROBATEYN, FREZBRABRFAMBEZ B EHN, REMRANEY “RERE”, HFELE
HERMTPBRBAE-REy EHEA, XXV ERFRTRMEE LG MERNT S RET HAMA
X MARAW RN, FRERESE; Z B K, W, L& LW

FESES: P542 XHEFRIREE: A XEHE: 1006-6616(2025)01-0024—15

DOI: 10.12090/j.issn.1006-6616.2024068

A 5 2 R 3 N A [ A A AR I B AR A i
AT PR R L PN ) H AR P N 3G A 5 SRR R 4
Wi 24w H 78 W) 7R 3% A P 8 (Tapponnier et al., 1982,
2001) ; Fb 1 30 A A5 A S 4R g I AR Sy R 4 e 1 JRE
TN Ay B IR < Wy 2847 17 32 8 B RE — DT Al Bk il 43 =2 9]
R B il (England and McKenzie, 1982; Molnar et al.,
1993) 5 ¥ 51 5 A1 Bl 455 284 0] ik 41 v J N 9 o A e

0 3%

Bl /)X 4 Wy 2445 ( Altyn Tagh fault) 2 75 % &5 J5 b
Gk — Sk A B R /) R RS Ae i e W T LR A, Rk
S AUAR IR — B PO Y ), R T R e R e T 0 3 S
JRZ o A AR IR 4 Wi 240 B AL 3 0 Bh 2 1 T
E[J JE — R IV M B il 488 1) 2 R R, 2 B ST A AR

HE W %% 5 294 360+70 km( Peltzer and Tapponnier,
1988; ¥F i 35 %%, 1999; Meng et al., 2001; Sobel et al.,
2001; Yue et al., 2001; Liu et al., 2007; Cheng et al.,
2015a), W W 1 B JEE 45 RO K Bl 2 18] 20%~30% 1Y
45 %5 & (Avouac and Tapponnier, 1993; Li et al., 2002;
Clark, 2012; Cheng et al., 2015b) .

B IR <5 Wiy 287 19 97 e A= 4 O e ) b
S I N T B R ) 2 — R B A R
FHARK B . HET, 8588 B0 ey 5t v 1k 2
3 F i oA, AN (] AR A 4 R B R 4 W Y

S 55 A 1, S TR I LS [ b DX 8 T 32 S LR A
(G i N T ol TS sl DR R~ RS LSS
(Ding et al., 2022) . P51, FA] /R 453 By 5447 78 8 A A0 AT
IF T 46 05 2l . dn e 35 £k 3 B A IR 28, 2 R E & e
Jb %k A KRR A B A BT OR B S
[ 22 S Mk LK, B2 4> 32 B WS il 20 B, 5 1 4 i
PO S A B T A o BT R < T 2L 03 il 5 AR
i LA LA AR 2 B A% AR B W 2RI R i =R
A5 JE W 24 O B A B IR AL, R A T R A A R 3
Rlo SCEELT ZHRSMER, DURT IR 4 W 240 AR B i


https://doi.org/10.12090/j.issn.1006-6616.2024068
https://doi.org/10.12090/j.issn.1006-6616.2024068
https://doi.org/10.12090/j.issn.1006-6616.2024068

26 o Ji /15 54k https://journal.geomech.ac.cn 2025

N AL = AR5 PGBm0 D B, SR AR TR 4
Wy 52415 A [R] 23 B 5 T G Wi 2R 94 3 e 4, 4k A2 T
O <z W SR AT A A B 2R B ) 3 A 7

1 PR & B 3 A 2 R AE

Bl JR 4 T 244 K3k 1600 km, H 75 7] 25 20 B T
P EOR G 5 R Bl L SR IR K 4 b AR 3% 1, S
TU AT KB AT (R IB) . B (Sl R4
WE)SARBEGE#EILE), A TR, HK#EILYS
S8 IR R 2 b Ay Bl BE RN PR B A ] (Wang, 20015 Fb

TR, 2013; RBEA S, 2015; AL, 2022), A [A]
43 B (AL A A TR . R, A B
49 25 B T A AT 4 1 IR G b B R 4 TR 2 5 4 e
LT 2L, % Em P T XA it (29 90.4°E) . Fif v 2E 3L
Bl (29 93.7°E) 5 Z A4~ 32 B AU il (& 1) . 1752 B
XA iy 5 52 44 1) I A R LA i U AT Ao s )
R PR AL AL, AR 58 4 B A T
Ly 25 iy 350 BT AT 2R 6 W 4 B A v Al O R 4 B
R, LN E LA i RN B, T, A
B Y A IO 2 2 BT R 4 W S AT B F O 5 1
7 52 R A2 ) o BT O S

(7T TR L NEE |ty

E?g (mm/al—)' u‘ijiiﬁaéﬁ \’Zﬁjtzﬁj&ﬁ :ﬁz;ﬂ?ﬂii
N |

r |

:é2 | | || ” | | ‘ ‘ | ‘ | £J10 mm/a | | | |I |

& .w“u s

85I°E 86I°E 87I°E 88I°E 89I°E 96°E 9I1°E 92°E 93°E 94°E 95I°E 96°E 97°E  98°E

a— T G R DL 3 B e T 2R A PR 5 b— BT R < DB 2T 52 BH XU L =0 A X 3 T A o B ¢ R 0 A ]l (WATF, MATE, EATF 7331 £
8 B R 45 W7 244 V6 B . P B AR B 5 o BT JR 43 T LA A A 5 DR b 0 5 BT ST AR A 14 2 e E 9 43 B (B 201 Wuetal, 2019b)

BT PR 4 7 S A 2 A

Fig. 1 Simplified tectonic map of the Altyn Tagh fault (ATF)

(a) Distribution of major strike-slip faults on the Qinghai-Tibet Plateau; (b) Extension of the ATF and its spatial relationships with neighboring
major faults; the double bending, triple junctions, and the positions of the western, central, and eastern segments of the Altyn Tagh fault (WATEF,
MATEF, and EATF, respectively) are shown; (c) Distribution of left-lateral strike-slip rates obtained from geomorphological and geodetic studies

of the Altyn Tagh fault (modified from Wu et al., 2019b)
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Fig.2 Schematic diagram of triple junction principles

(a) Schematic diagram illustrating the method of constructing auxiliary lines for triple junction stability; (b) An FFT-type triple junction is used
as an example for the construction of the triple junction velocity triangle and auxiliary lines, adapted from McKenzie and Morgan (1969); (c)
Mendocino triple junction (FFT-type) (Ingersoll, 1982)

In (a) and (b), A, B, and C represent different tectonic plates; the red solid lines denote plate boundaries, while the blue dashed lines ab, bc, and

ac represent auxiliary boundary lines between Plate AB, Plate BC, and Plate AC, respectively. The triple junction is stable when ab and bc are

collinear or when ac and bc are collinear.
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Fig. 4 Diagram of the stability evolution of the Subei triple junction

In the velocity vector triangle, #g, tq/, and gql represent auxiliary lines connecting the Tarim and Qaidam blocks, the Tarim and Qilian blocks,

and the Qaidam and Qilian blocks, respectively.
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Fig. 5 Tectonic map of the Tula triple junction and surrounding area
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Fig. 6 Diagram of the stability evolution of the Tula triple junction

In the velocity vector triangle, #g, tk, and kq represent auxiliary lines connecting the Tarim and Qaidam blocks, the Tarim and Eastern Kunlun

blocks, and the Eastern Kunlun and Qaidam blocks, respectively.
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Fig. 7 Diagram of the evolution of the Altyn Tagh fault and triple junctions
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(a) Early Cenozoic segmental initiation of the Altyn Tagh Fault (ATF); (b) Miocene activity enhancement, leading to the formation of unstable

triple junctions; (c) Post-Miocene shortcutting and through-going of the ATF.
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