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Abstract: The Langshan area, located on the northeastern margin of the Alxa block, was subjected to 3 deformation stages during
the Cenozoic, which produced thrust faults formed by NW— SE compression in the late Miocene, left — lateral strike-slip faults
caused by NNE compression and active normal faults in the late Cenozoic. Based on peripheral Cenozoic structures around the
castern Alxa margin, the authors infer that these Cenozoic faults were related to the gradual propagation of northeast Tibetan Plateau
and the readjustment of the stress field. The Langshan piedmont fault zone is now at a stage of linkup, which is compatible with the
constant-length fault model with the highest slip rate in the central part. The slip rate from Holocene seems to tend to become lower
relative to the slip rate since late Pleistocene. Combined with the focal mechanisms as well as geometries and kinematics of faults in
and around the Alxa block, the authors tentatively propose that the Hetao— Jilantai basin and the Yinchuan basin are two different
extensional basins linked by a transfer zone, in which nearly NNE—trending dextral faults are developed. The Mw >5 earthquakes

within the transfer zone probably occurred on the steep dextral faults as the result of regional SW—NE compression.
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Fig.1 Location of the Hetao—Jilantai Basin and the boundary faults
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Fig.2 Geological map of southwestern Langshan area
1— Holocene fluvial deposits; 2— Eolian sands; 3— Holocene alluvial fans; 4— Late Pleistocene lacustrine deposits; 5— Oligocene conglomerate;
6— Cretaceous conglomerate; 7— Triassic conglomerate; 8— Mesozoic granite; 9— Middle Permian diorite; 10— Late Permian monzogranite;
11— Carboniferous granite; 12— Neo— Proterozoic gabbro; 13— Neo— Proterozoic Langshan Group metasedimentary rocks; 14— Diebusige Group
marble; 15—Paleo— Proterozoic Diebusige Group gneiss, amphibolite; 16— Attitudes of Oligocene strata; 17— Cenozoic normal fault; 18— Cenozoic
reverse fault; 19— Cenozoic strike— slip fault; 20— Late Cretaceous strike— slip fault; 21— Early Cretaceous anticline and syncline; 22— Early
Cretaceous detachment fault; 23—Late Jurassic reverse fault; 24—Late Triassic foliations; 25—Early Triassic foliations; 26—Early Triassic strike—slip
fault; 27—Late Permian foliations; 28—Early Paleozoic foliations; 29—Fault breccia
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Fig. 3 Geological Profile(see location in Fig.2)

1—Magnetic quartzite; 2—Biotite plagioclase gneiss; 3—Hornblende plagioclase gneiss; 4—Granitic gneiss; 5S—Marble;

6—Permian granite; 7—Mylonite; 8—Oligocene conglomerate; 9—Holocene alluvial fans; 10—Normal fault;
11—Left—lateral strike—slip fault; 12—Reverse fault
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Fig .4 Reverse faults and fault-plane solutions in Langshan area (The stereographic projection is lower hemisphere projection, the
same in the following figures)
a—Reverse fault on the south side of Chasitai valley; b—Fault breccia and striations in Fig. 4a; c—Reverse fault on the south side of Ertuomiao;
d—Opverturned strata on the south side of Dairigengaole valley, the reverse fault cut by high angle normal fault; e, f— Reverse fault in Diebusige
Basin, showing nearly NW—SE compression
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Fig.5 Cenozoic left—lateral strike—slip fault in Langshan area
a—Left—lateral strike—slip faults cut through reverse faults; b—Left—lateral strike—slip fault F2 separating the Wulanbulage Formation and the
Diebusege Group; c—Sheared pebble in Oligocene strata showing left strike movement; d—Two stages of striations on F2, the normal oblique-slip

striation (red dash line) cutting the sinistral slip striation (yellow dash line);
e—Curved joints in mylonite indicating sinistral shear in Langshan piedmont area
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Fig. 6 Structures of Langshan piedmont fault zone
a—Photograph of piedmont normal fault; b—Fault-plane solutions suggesting NW-SE extension; c—Plan view of fault zone on the south side of
Chasitai area (see Fig. 2 for location); d—Fault profile in Fig. 6¢c, note the fault migrated toward the basin
1—Mylonite; 2—Fault breccia; 3—Lacustrine beach rocks;4—Late Pleistocene lacustrine fine sand;
S5—Holocene alluvial fan; 6—Base terrace; 7—Colluvial deposits
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Fig. 7 Geometries of frontal piedmont fault zone and OSL sample locations(see Fig. 2 for location )
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HTWT 2T 2807 7 s (a8 Ak , B9 3 BT L i DR 202
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fault model) , 3 — B oy Wi )2 1H & K B A A
(constant—length fault model) . Hij 75 7E K7 )2 Wi i 3§
TRy [R) ik DBy 2 BE A AE RGN , 5 35 2 Sk 3 B 2 AH
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S RAH, T Wi 2 BT 2 (B0 N o B AR W72 Ly
e RIS 57 % Bt S ) () R 3835 Sy o, WO 22 2 W J 2 422
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8a). AN T fiifk, IEWR B ML BIE =ML, W
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Wr)2 1, 28 LSEE=2R/1, Ho R H— B2 v )
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Table 1 Ages of the OSL samples in Langshan piedmont fault zone
SEIOgwS ETAMES Ulug/e)  Thi(ng/e) K%  FEE5E%/(Gy/ka) MRS/ um MR T7VE SRGE/Gy  Fild/ka
17-OSL-17 T20 1.64 5.25 2.88 4.22 4~11 SMAR 11.23+0.75 2.66+£0.32
17-OSL-18 T21 1.58 5.11 2.79 4.09 4~11 SMAR 14.81+0.73 3.624+0.40
17-OSL-21 T54 1.97 4.26 2.36 3.71 4~11 SMAR 32.24+1.70 8.70+0.98
17-OSL-19 T23 0.96 2.17 1.94 2.36 90~125 SAR 182.66+10.00 77.30+8.81
17-OSL—-20 T51 1.56 3.07 2.12 2.74 90~125 SAR 35.73£0.98  13.05+1.35
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Cowie and Roberts, 2001)

Fig. 8 a—Fault displacement-length profile, fault array propagate to link with each other (fault propagating model), followed by a
constant-length fault. SB marks the initial segment boundary, d, and d.are the maximum displacement of small isolated fault and the
linked-up fault, the shadow area is displacement deficit; b—Displacement-time curves before and after the linkage of fault segments,
note that during the # , the slope is deeper than before; c—Simplified triangular shape displacement—length profile showing the

displacement decrease linearly to the fault distal end (modified from Cowie and Roberts, 2001)
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Fig.9 Fault segmentation and corresponding slip rates
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c—Predicted slip rates compared with observed slip rates (data from Dong Shaopeng,2016; Dong et al., 2018)
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Table 2 Elevations, depth and slip rate of the late Pleistocene lacustrine marker strata in different fault segments
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Fig.10 Paleo—valley in the footwall exposed by floods incision due to artificial digging in the hanging wall
a— Looking upstream; b—Looking along the fault strike
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