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 ABSTRACT 

The Ertomiao region of the Lang Shan, China, is located approximately 700 km west of Beijing, 

in the north-central portion of the North China block. This area is characterized by multiple 

periods of deformation, including periods of extension and contraction, spanning from Permian 

through Cenozoic time. This setting provides the structural relationships necessary to decipher 

the controls of polyphase crustal deformation. 

 During fieldwork key structural observations and crosscutting relationships were 

established. Beginning with a period of contraction, northeast striking post Jurassic, pre Early 

Cretaceous (123 ma) thrust faults place Precambrian gneiss (unit PCB) onto Jurassic/Cretaceous 

sandstone and conglomerate (unit Jr/K). Additionally, folds with northeast trending axial hinges 

developed in unit Jr/K and mylonite units. The next period of deformation was Early Cretaceous, 

pre Eocene high-strain extension notable for the development of the Ertomiao metamorphic core 

complex (Emcc). A northeast extending low-angle normal fault developed with an upper plate of 

unit Jr/K and a lower plate of granitic mylonite (units K1 and K2). Following extension this area 

underwent a significant amount of erosion, reducing the upper and lower plates of the Emcc to 

the same topographic elevation. Eocene/Oligocene sandstone and conglomerates were deposited 

on top of the erosional surface as subhorizontal beds. Deformation continued with post Eocene, 

pre Miocene northeast trending left-lateral strike-slip faulting. Final deformation recorded in the 

Ertomiao region is along the active northeast striking range front normal fault. 

It is thought that each of the structures observed is controlled by far-field tectonic 

stresses. Post Jurassic, pre Early Cretaceous (123 ma) contraction is related to collision of the 

South China block with the North China block. The first period of extension and development of 

the Emcc is associated with back-arc extension of the Pacific subduction zone. Later strike-slip 

faulting and extension are linked to the collision of India to Asia. The polyphase history of this 



 

area offers insights into the deformation of continental crust as a product of far-field tectonic 

influence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

INTRODUCTION 

 China’s borders are superimposed over several crustal blocks that record a long complex 

history of crustal deformation (Kusky et al., 2007; Lin et al., 2004). Interactions between blocks 

may lead to deformation, at both the margins and interior, of the block thereby recording the 

movement of tectonic plates. In Asia these blocks include the South China block, North China 

block, Tarim block, Mongolian Arcs Terrane, Siberia block, Junggar block, Qaidam block, 

Songpan-Ganzi complex, Qiangtang block, India block, and the Lhasa block (Fig. 1), which have 

been sutured together at different stages in the tectonic evolution of Asia (Wang and Mo, 1995). 

Relevant to this study is deformation recorded in the North China block which is considered the 

nucleus of East Asia in many models (Yin and Nie, 1996; Sengör and Natal’in, 1996). The stages 

of development were outlined by Yin and Nie (1996) beginning with Late Silurian to Early 

Devonian collision of the Qaidam block, followed by Carboniferous to Early Permian collision 

of the Junggar block to the north. The next stage of development is the collision of the South 

China block which initiated in Late Permian time and continued through Triassic time, followed 

by the Late Triassic deposition of ultra-high pressure sediment in the Songpan-Ganzi block and 

the collision of the Qiangtang block (Yin and Nie, 1996; Sengör and Natal’in, 1996). The Lhasa 

block collided with the developing continental land mass during the Early Jurassic to Early 

Cretaceous (Yin and Nie, 1996; Sengör and Natal’in, 1996). This was followed by the most 

recent stage in which the Indian block collided with Asia beginning early on in the Paleogene 

(Yin and Nie, 1996; Sengör and Natal’in, 1996).      

 The Lang Shan (Shan = Mountain) is situated in the north-central portion of the North 

China block, 700 km West of Beijing near the northwest margin of the Ordos basin. To the north 

of the Lang Shan are two suture zones, the Soulon and Mongolo-Okhotsk. The Soulon suture 

closed during an interval from the Late Permian to Early Cretaceous and  





 

records collision of the North China block with the Mongolian-Arcs Terrane (Yin and Nie, 1996; 

Sengör and Natal’in, 1996). The Mongol-Okhotsk suture closed in Late Jurassic/Early 

Cretaceous time and records the collision of the Siberia block and the Mongolian Arcs Terrane 

(Yin and Nie, 1996). The southern edge of the North China block is marked by the Qinling-

Dabie suture: closure of this suture and collision of the South China block was completed by 

Permo-Triassic time (Yin and Nie, 1996; Sengör and Natal’in, 1996). The Lang Shan have a 

curved appearance in map view with the concave side framing the northwest corner of the Ordos 

basin. The field area of this study, located in the southwestern extent of the Lang Shan range, has 

an area of approximately 15 km2 (Fig. 2).       

 Previous work in and around the Lang Shan has been completed by many investigators. 

At the center of this work is the 320,000 km2 Ordos basin (Zengzhao et al., 1998); a cratonic 

basin with a developmental history stretching from Paleozoic through Mesozoic time (Yang et 

al., 2005). Many deformational events have helped shape the Ordos landscape since the 

Paleozoic. Basement units of the Ordos basin include Archaean and early Proterozoic crystalline 

rocks (Yang et al., 1992), which give the basin enough stability to have resisted the major 

periods of deformation in the region (Yang et al., 2005). During the most recent period the 

surrounding regions underwent deformation while the Ordos basin remained undeformed.  

 The areas surrounding Ordos have been the subject of limited research by other workers. 

To the south of the field area, on the western side of the Ordos basin, work has been done on the 

Western Ordos fold - thrust belt. Triassic age sediments were deposited in an extensional system 

that developed in this area (Ritts et al., 2004). East-West Early Jurassic to Late Jurassic 

contraction was documented by Darby and Ritts (2002). The Daqing Shan to the East of the field 

area have been documented as well by Darby et al. (2001). Multiple periods of deformation are 

recorded in the Daqing Shan including: post Cambrian-Ordovician contraction, post Permian  





 

contraction, Early Jurassic extension, Late Jurassic contraction, and Cretaceous extension (Darby 

et al., 2001). Additionally, to the east of the field area, near the city of Hohhot, is the Hohhot 

metamorphic core complex. This area is marked by Early Cretaceous extension and development 

of a metamorphic core complex documented by Davis et al. (2002). Most recently, Darby and 

Ritts (2007) documented Late Jurassic to Early Cretaceous shortening in the Lang Shan, 

northeast of the current field area, followed by two periods of extension.  

 The purpose of this project was to document the cross-cutting relationships that establish 

the deformational history of the Ertomiao region and relate those periods of deformation to 

events in the tectonic evolution of Asia. Excellent exposure, lack of previous work, and location 

(in the middle of the North China block, hundreds of kilometers from the nearest paleo-plate 

boundary) make this field area a prime target for this research. Major periods of deformation 

were documented in the Ertomiao study area using a combination of field methods (geologic 

mapping and collection of kinematic data from fault zones) and satellite imagery. Much of the 

deformation in this area is overprinted by later phases of tectonic activity. The tectonic driver for 

each phase of deformation was identified by comparing the geometry, kinematics, and timing of 

structures with the plate tectonic setting derived from the literature. Interpretations are based on 

the synthesis of these data.  The findings of this study document multiple, previously 

unidentified structural events, provide insights into the deformational controls of this area, and 

provide a foundation for future work in this region. 

 

 

 

 

 



 

GEOLOGY  

Crystalline Units 

 Precambrian  

 During weeks of field work, eight rock units were identified in the Ertomiao region of the 

Lang Shan. Two Precambrian units  (NMBGMR, 1991) are differentiated by mineralogy and 

their structural relationships. The first of these Precambrian gneisses was informally named unit 

PCA. It consists primarily of undifferentiated granitic gneiss, which is part of the regional 

basement terrane and exposed in most of the northwest portion of the field area (Plate 1). 

Deformation during multiple stages juxtaposes these rocks against younger rock units at various 

localities (described below). Metamorphic fabrics, foliations and lineations, are inconsistently 

developed and oriented throughout the measured portion of outcrop. In some areas foliations are 

very well developed (Fig. 3) and locally undeviating. In contrast, other areas show very weak to 

no fabrics (Fig. 4), exemplifying the complex character of these rocks.  

 Unit PCB is located only in the hanging wall of thrust faults in the central part of the field 

area (Plate 1, Fig. 5). This gneiss is distinguished from the previous gneiss based upon structural 

relationships (see below) and mineralogy. Thrust faults were not observed to involve unit PCA in 

the Ertomiao study area. Unit PCB mineralogy consists of quartz, potassium feldspar, 

plagioclase, and biotite which define a weak banding in the rock. Foliation in this unit developed 

throughout the outcrop trending to the northeast.  

 Cretaceous   

 Two mylonite gneisses can be found in the field area, distinguishable from one another 

by mineralogy. The first of these mylonites (unit K1) is granitic, consisting of blocky potassium 

feldspar of up to 1 cm and stretched quartz. Unit K1 has well developed foliations that dip to the  

 









 

southeast near the range front and strong stretching lineations plunge to the northeast. Well 

developed S-C fabrics suggest a top-to-the-northeast sense of shear, parallel to the stretching 

lineation (Fig. 6). Feldspar crystals in the mylonites have been rotated top-to-the-northeast. The 

age constraints for unit K1 mylonites were determined by Ar40/Ar39 cooling ages from samples 

collected by Dr. Darby during preliminary field work. All analytical work was performed at 

Nevada Isotope Geochronology Laboratory at UNLV by Terry Spell and Kathy Zanetti. 

Ar40/Ar39 analysis yielded similar muscovite plateau cooling ages for the two samples from unit 

K1: for sample 02LSM18 of 123.39 +/- 0.73 Ma and 123.41 +/- 0.71 Ma for sample 03LSM3 

(Fig. 7). These ages represent cooling of the samples below 350° +/- 50°C (McDougall and 

Harrison, 1999). In addition the potassium feldspar cooling age plateau for sample 03LSM3 is 

121.17 +/- 0.67 Ma below about 150° C (McDougall and Harrison, 1999). Unit K2 is very similar 

to the first with noted exception of mineralogy. This second mylonite bares a significant biotite 

component to mineralogy and has a  well developed foliation (Fig. 8). Foliations and lineations 

of these mylonite bodies define an antiform which plunges to the northeast. These two units are 

bounded by normal and strike-slip faults.  

Sedimentary Units 

 Triassic 

 Located on the eastern side of the Lang Shan is a small outcrop of Triassic (NMBGMR, 

1991) gray pebble to cobble conglomerate and sandstone (unit Tr, Fig. 9). Constituent grains of 

quartz, potassium feldspar, and lithic fragments, are present in this rock unit. Quartz, potassium 

feldspar, and plagioclase are sub-angular, poorly sorted, and range in size from fine grained to 

pebble. Weathering and erosion have left this unit poorly consolidated and very friable. These 

conglomerates are folded and bounded above and below by south-dipping thrust faults.  

 











 

 Jurassic/Early Cretaceous  

 The next rock unit consists of Jurassic/Early Cretaceous (NMBGMR, 1991) red pebble to 

cobble conglomerate and sandstone (unit Jr/K, Fig. 4). Beds consist of poorly sorted 

conglomerates of quartz, potassium feldspar, plagioclase, clasts of gneiss, and clasts of granite. 

Lithic fragments share the mineralogy of units PCA and PCB described above. Grains and clasts 

are subangular and range in size up to cobble. This rock unit occupies a complicated structural 

position (described below) described as the footwall of thrust faults and as the hanging wall 

(upper plate) of the low-angle normal fault. This conglomerate is less friable than that of the 

Triassic conglomerate described above.  

 Eocene/Oligocene  

 The youngest rock unit in the study area is also the highest in elevation of both the upper 

and lower plates. Eocene/Oligocene (NMBGMR 1991) red pebble to cobble conglomerate and 

sandstone was deposited on units PCA , Jr/K, K1, K2, on a low-angle normal fault (discussed 

below), and overlies a regional subhorizontal unconformity (Fig. 3). Constituent grains and clasts 

are very similar to those found in unit Jr/K, with the addition of granitic mylonite clasts up to 4.2 

cm in diameter. Bedding in this unit is undeformed and horizontal.   

 

 

 

 

 

 

 

 



 

STRUCTURES 

Thrust Faults 

 Thrust faults are limited to the center of the field map near longitude 106° 20’, and 

typically strike northeast and dip to the south from <20° to >70°, averaging about 50°. These 

shortening features of the Lang Shan bring older unit PCB on top of younger unit Jr/K. This 

relationship is seen in thrust faults near the range front and at outcrops further north (Plate 1). 

Striae from the fault surface have multiple trend and plunge orientations averaging 181.3°, 31.9° 

(respectively), suggesting north-south shortening. Kinematic indicators from footwall bedding 

drag show top-to-the-north sense of motion (Fig. 10). Located near the range front, the fault in 

figure 10 is cut on the eastern side by the range front normal fault and on the western side by the 

low-angle normal fault (described below).  

  Another thrust fault near the range front separates hanging wall Triassic conglomerate 

from foot wall unit Jr/K conglomerate (Fig. 9). The thrust fault trace is curved in map pattern and 

cut on both ends by the range front normal fault (described below). Dipping approximately to the 

south this fault has similar orientation as that of the fault described above. Additionally,  a large 

asymmetric fold in hanging wall Triassic sandstone and conglomerate shows top-to-the-north 

sense of movement in this thrust as well. These thrust faults emplace unit PCB onto unit Jr/K, and 

unit Tr onto unit Jr/K (Plate 1, Fig. 9). 

 In the center of the field map, three outcrops of unit PCB are in fault contact with 

Jurassic/Cretaceous conglomerate (Plate 1). The thrust faulting documented at these localities is 

similar to those near the range front. The fault strikes approximately to the northeast and striae 

plunge to the south (Fig. 11). Folding in fault gouge indicates top-to-the-north sense of motion. 

A low-angle normal fault (described below) cuts one of these thrust faults west of longitude 106°  

 







 

20’. Left-lateral strike-slip faults also section the thrust faults into multiple pieces. Continued 

dismemberment is done by a normal fault associated with range front faulting.  

Normal Faults 

 A low-angle normal fault separates upper plate unit Jr/K rocks from the lower plate PCA 

and PCB rock units. The fault trace of this low-angle normal fault is a distinctive hook shape 

bounded at both ends by the younger range front normal fault and offset by a younger left-lateral 

strike-slip fault (Plate 1). Orientation of the low-angle normal fault varies from north to south. 

Dip angle ranges from as low as 10° southeast up to and including 41° northeast. Striae measured 

on the fault plane trend in a cluster between 25° to 65° and plunge between 5° and 50° (Fig. 12). A 

fold in fault-gouge near lat/long 40° 35’/106° 20’, is used as a kinematic indicator showing top-

to-the-northeast sense of movement on this fault (Fig. 13). Putting these observations together 

indicate the master direction of fault movement was top-to-the-northeast.  

 Another normal fault, cutting in unit Jr/K near longitude 106° 20’ and between latitudes 

40° 35’ 15” and 40° 36’, shares the hook-like fault trace of the low-angle normal fault (Plate 1). 

A further similarity exists in that this fault is bounded to the north by the range front fault and to 

the south by left-lateral strike-slip faulting. However, multiple striae directions are recorded; 

trends average to the southeast at approximately 157° and plunge about 40°, which is similar to 

measurements taken on the range front normal fault (described below). The possibilities exist 

that this steep normal fault either intersects with the low-angle normal fault at depth or cuts 

across it.   

 The next major normal fault in this study area is the range front normal fault (Plate 1, Fig. 

14). Extending along the southeast margin of the Lang Shan this normal fault trends 

northeast/southwest and dips from 38° to 56° to the southeast. Striae measurements from the fault  

 









 

plane are approximately down-dip (Fig. 15). This fault and its associated structures truncate all 

of the other faults in the field area and separate the Lang Shan from the Ordos basin. The largest 

associated structure is a splay from the master range front normal fault located at E 106° 20’ and 

between N 40° 35’ and N 40°35’15” (Plate 1). This normal fault merges at its northern and 

southern extents with the range front normal fault.  

 To summarize, the observations described above support that the Lang Shan have 

undergone at least two periods of major extension. The first phase of extension was directed top-

to-the-northeast, as observed in normal faults with both low-angle and high-angle geometries. 

The second phase of extension was oriented northwest/southeast along high-angle normal faults. 

Mylonitic Front 

 At the bottom of a small hill located near 40°34’/106°17’30” (lat/long) is an outcrop of 

lower plate mylonite (plate 1). The top of this hill is capped by a mylonitic front, which 

represents the mechanical transition from brittle to ductile subsurface deformation. Lister and 

Davis (1988) describe this transition as a product of temperature, pressure, and pore fluid acting 

at an imprecise depth. This transition has been exhumed from depth and is exposed over almost 

100 vertical meters; from the bottom of the hill to the top. Composition of rocks in the mylonitic 

front is much the same as those of unit K1 and K2. Texture, however, is characterized by 

abundant blocky quartz, feldspar and brittle deformation that appears brecciated. The shear plane 

recorded at the mylonitic front measures 34°/62°NW, subparallel to the foliation in the 

underlying mylonites and has a superficial appearance similar to a ductile SC fabric. This 

outcrop is also unique because it is the only mylonite in this area that is offset by a left-lateral 

strike-slip fault.  

 

 





 

 

Strike-Slip Faults 

 A conspicuous feature of this area is a linear valley that extends southwest to northeast 

across most of the central and southwestern portion of the field area (Plate 1). The valley 

contains a left-lateral strike-slip fault system that splays into multiple strike-slip faults with the 

same relative movement at its northeastern extent. These splays are truncated to the northeast by 

a high angle normal fault associated with the range front normal fault. Its southern termination is 

outside the study area and has not been mapped. Measurements of striae, plotted on a stereonet, 

yield a range of results for plunge, but show a cluster of trends oriented northeast/southwest (Fig. 

16). The striae orientation and offset of both the low-angle normal fault and unit E/O confirm 

oblique left-lateral strike-slip fault movement (southeast side up) along the fault plane. All of the 

previously described thrust faults and phase one normal faults in the central field area are cut by 

this strike-slip fault (Fig. 17). The low-angle normal fault is offset as much as 2 km horizontally 

(Plate 1). The regionally extensive horizontal unconformity (see below) and overlying unit E/O 

sandstone and conglomerate are also displaced by this left-lateral fault (Plate 1). 

Unconformity 

 Another noteworthy feature of the study area is a regionally extensive horizontal 

unconformity. Recognizable by overlying subhorizontal beds of Eocene/Oligocene sandstone 

and conglomerate (unit E/O) this unconformity represents a period of erosion/non-deposition 

(Fig. 3). Locations of the mapped expression of this unconformity are above rock units in both 

the upper and lower plates of the low-angle normal fault. Its most prominent outcrop in the field 

area is above a large synform in unit Jr/K near latitude 40°34’30” longitude 106°18’ (Fig. 18). 

This unconformity is offset by approximately 250 meters of vertical displacement and 2 km of 

horizontal offset with the onset of left-lateral strike-slip faulting.   









 

Folds  

 Several folds developed across the field area and range in wavelength from kilometers to 

meters (Plate 1). A large kilometer scale antiform folds mylonites in the lower plate of the low-

angle normal fault, foliation measurements on the northwest and southeast sides dip away from  

each other while the hinge plunges to the northeast. This antiform is also apparent in the 

geometry of the low-angle normal fault. Northwest of the antiform is a synform in unit Jr/K 

sandstone and conglomerate beds (Plate 1, Fig. 18). The hinge of this fold is oriented parallel to 

that of the previously described antiform however does not share the same plunge. Smaller meter 

scale folds have also developed above and below thrust faults. These folds are noted by the 

change in bedding dip of unit Jr/K with orientations subparallel to the kilometer scale folds 

described above (Plate 1).  

 Located near the range front in the central part of the field map is a fold in Triassic gray 

conglomerate (Fig. 9). The fold hinge trends approximately 55°with axial surface dipping to the 

south. Upper limb strike and dip measure at 20°/4°SE and lower limb 62°/77°SE. This fold can be 

used as a kinematic indicator, which shows top-to-the-north sense of movement on the overlying 

thrust fault.  

 

 

 

 

 

 

 

 



 

TIMING  

 Periods of extension and contraction are recorded throughout China’s long history of 

deformation (Yin and Nie, 1996; Sengör and Natal’in, 1996). The Lang Shan exemplify these 

complex interactions, having recorded four major deformational events, which document the 

evolution of this changing landscape. Timing relationships in this study are established by known 

rock ages and cross-cutting relationships documented during field work. A series of northeast 

striking thrust faults and northeast trending folds accommodate initial contraction in the 

Ertomiao study area. Some thrust faults place unit PCB on younger unit Jr/K rocks in the central 

part of the field area (Fig. 5). While further to the south, unit PCB override unit Tr which in turn 

is emplaced atop rocks of unit Jr/K (Fig. 9). The ages of these rock units give context for the 

timing of deformation. Triassic conglomerates (NMBGMR, 1991) in the hanging wall of the 

thrust faults are cut by a low-angle normal fault,  then strike-slip faults, and followed by normal 

faults associated with active range front faulting (Plate 1). Taken together these cross-cutting 

relationships give an upper bound of age control to post deposition of unit Jr/K and pre-

movement of the low-angle normal fault, contraction is referred to as post Jurassic/pre Early 

Cretaceous (123 ma). 

  Folds found in unit Jr/K are associated with post Jurassic/pre Early Cretaceous (123 ma) 

deformation. Axial trends of these folds are to the northeast perpendicular to the direction of 

shortening. This orientation is similar to the direction of contraction in the reverse faults (Plate 1) 

and the fold in the Triassic conglomerate.  These similarities imply that folding in this area 

predated the movement of the low-angle normal fault and suggest a post Jurassic/ pre Early 

Cretaceous (123 ma) age.   

 The next large scale deformational event recorded in the Lang Shan is 

northeast/southwest phase one extension. This period is noted primarily by the extension of the 



 

low-angle normal fault and kinematically related mylonitic rocks in the central part of the field 

area (Plate 1). Thrust faults cross-cut by the low-angle normal fault establish the oldest relative 

age control for movement on the fault plane. The youngest relative age control comes from the 

pre Eocene/Oligocene unconformity. This unconformity truncates the low-angle normal fault in 

places near latitude 40° 35’ at the western most outcrop of Jurassic/Cretaceous conglomerate 

(Plate 1) and must have been wide-spread prior to lateral extension. Additional age information 

comes from the cooling ages of two mylonite samples collected in the field area. As motion on 

the low-angle normal fault progressed, mid-crustal rocks of the footwall were raised to a position 

in which the minerals of the mylonites cooled and crystallized. Plateau ages from muscovite and 

potassium feldspar suggest active faulting at ~123 Ma and ~121 Ma respectively (Fig 7). Based 

on these oldest and youngest cross-cutting relationships and plateau cooling ages an age of Early 

Cretaceous is assigned.  

 Regional erosion/non-deposition occurred after cessation of active low-angle normal 

faulting and before deposition of the Eocene/Oligocene conglomerate. This process eroded the 

rocks of the upper and lower plates to the same topographic elevation. Supporting this 

observation are the Eocene/Oligocene conglomerates sitting atop the unconformity in both the 

upper and lower plate units of the low-angle normal fault. A time of post Early Cretaceous, pre 

Eocene/Oligocene is assigned to the unconformity.  

 The left-lateral strike-slip faulting in the Lang Shan offset all the structures and rock units 

with exception of the active range front normal fault and associated structures. Timing of 

movement on these strike-slip faults is established by offset of the pre Eocene/Oligocene 

unconformity and the Eocene/Oligocene conglomerate. Oblique movement on these faults 

displaces lower plate mylonites and offsets the unconformity and overlying Eocene/Oligocene 

conglomerates. These strike-slip faults are truncated at their northeast end by a normal fault 



 

associated with active range front normal faulting. Based on these observations an age of post 

Eocene, pre Miocene is assigned.  

 The final large-scale deformational event is northwest/southeast directed phase two 

extension. This period is noted by the regionally extensive active range front normal fault 

extending northeast/southwest through the field area (Plate 1). This fault and its associated 

structures cross-cut the other faults in the field area and is the most recent deformational event in 

the Lang Shan. Initiation of this fault is likely associated with rifting around the Ordos basin in 

the Miocene/ Early Pliocene (Lin et al., 2001). Initiation of this structure is assigned an age of 

Miocene/Early Pliocene based on its cross-cutting relationships and association to rifting around 

the Ordos basin (Lin et al., 2001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

DISCUSSION 

Metamorphic Core Complexes   

 Metamorphic Core Complexes (mcc) can be found in extensional continental settings all 

over the world. These areas are characterized by a lower plate of ductility deformed rocks, a 

decollement (detachment fault), a mylonitic front, and upper plate brittle deformation cover 

rocks (Davis and Coney, 1979; Davis and Lister, 1988). Lower plate deformation is recorded in 

the alignment of mineral lineation, interpreted as flow (Davis and Coney, 1979). The mylonitic 

front (metamorphic carapace) is also part of the lower plate and represents the transition from 

ductile to brittle deformation (Lister and Davis, 1989). On a regional to sub-regional scale 

detachment faults (decollement or low-angle normal fault) accommodate large amounts of 

extension and juxtapose brittle rocks of the upper plate onto ductile rocks of the lower plate 

(Davis and Coney, 1979; Davis and Lister, 1988). In addition to low dip-angle, these faults can 

have microbreccia and fault gouge along the fault plane (Davis and Lister, 1988). The upper 

plate is extended by normal faults which may or may not merge at depth with the main 

detachment fault (Davis and Lister, 1988). Detailing the assembly of a mcc can offer insights 

into regional tectonics and the processes that shape continental crust. 

 The Ertomiao metamorphic core complex (EMCC) is named for the 1:50,000 Chinese 

topographic sheet on which it was found. The EMCC consists of a basement of granitic 

mylonites and mylonitic front, overlain by a brittle upper plate of pebble to cobble conglomerate 

(unit Jr/K) and thrust sheet, which are separated by a low-angle normal fault. Lower plate 

mylonites record the extension direction where as upper plate rocks record an older phase of 

regional contraction overprinted by extension.  

 The details of metamorphic core complex development are somewhat controversial. 

Some attempts to explain these details include extension on low-angle normal faults, plutonic 



 

intrusions, and rotation of initially high-angle normal faults, as summarized in Martinez et al. 

(2001). Additional models include crustal flow, gravitational spreading, magma underplating, 

rolling hinge, and orogen-parallel extension. Crustal flow occurs in areas where thickened crust 

is compensated for laterally by directed flow of lower crustal material (Block and Royden, 1990; 

Fig. 19). This requires the upper crust to decouple and deform in a brittle manner while the lower 

crust deforms plastically (Gans, 1987). This model describes the antiformal shape of 

metamorphic core complexes in areas where the crust to mantle boundary is flat and therefore 

deformation is compensated for by flow in the lower crust not the asthenosphere (Block and 

Royden, 1990). Gravitational collapse utilizes the already thickened crust to create a pressure 

differential between thick and thin crust and provide conditions for the thickened crust to 

collapse (Liu 2001; Fig. 20). Extension begins when the thickened crust becomes unstable and 

acts on the adjacent thin crust; due to internal forces such as a thin thermal conduction layer, low 

vertical shear strength, and pre-existing structures (Dewey, 1988). Magmatic underplating 

describes areas of continental extension, in which pluton emplacement may provide enough heat 

to initiate ductile deformation and exhumation of the footwall (Lister and Baldwin 1993; Fig. 

21). As extension proceeds in the brittle upper crust initially high-angle normal faults are rotated 

to low-angle (Lister and Baldwin, 1993). A rolling hinge model predicts high-angle faults are 

rotated to shallow angles by the isostatic rebound of footwall exhumation (Wernicke and Axen, 

1988; Fig. 22). Orogen-parallel extension describes the development of extensional structures as 

a result of perpendicular contraction (Zhang et al., 2000).  

Jurassic/ Early Cretaceous Crustal Shortening 

 Thrust faults have been established, by cross-cutting relationships, as the oldest 

deformational events recorded in the Lang Shan. Footwall rocks, unit Jr/k, in thrust faults 

provide an upper limit on the timing of contraction, which began after the deposition of these  











 

units was completed. Yin and Nie (1996) suggest five possible controls for north/south 

shortening in the North China block during Jurassic/ Early Cretaceous time: continued collision 

of the North China block and South China block, subduction of the Mongol-Okhotsk plate 

beneath North China block, subduction of the Pacific plate beneath East Asia, collision of the 

Lhasa block into Asia or a combination of some of these. Orientation of collision margins in 

comparison to the geometries of contractional features found in the Ertomiao study area suggest 

far-field tectonic stress working in some combination with these margins as a source for 

deformation.  

 Cretaceous High-Strain Extension 

  The first period of extension in the Ertomiao region is high-strain, top-to-the-northeast 

extension and metamorphic core complex development. This includes the northeast dipping low-

angle normal fault and its associated structures. Cooling ages from samples 02LSM18 and 

03LSM3 yield ages that show when the LANF was active (123.39+/- 0.73 Ma and 121.71+/- 

0.67 Ma respectively). Drivers for this high-strain extension are enigmatic; however back-arc 

extension and collapse of a thickened crust are two, not unrelated, possible causes (Yin and Nie, 

1996). Back-arc extension occurs in the hinterland of a collision zone. As the subducted slab is 

cooled and becomes denser the subduction angle increases (Meng, 2003). When these subduction 

changes occur the bottom of the continental crust is exposed to heat from the mantle crustal 

thinning and extension begin (Meng, 2003). West directed Pacific plate subduction, located 

approximately 20° longitude east of the North China block (Fig. 2), could create a situation in 

which back arc extension is possible (Yin and Nie, 1996; Sengör and Natal’in, 1996). As the 

hinterland moved toward the subduction zone it extended allowing for high-strain extension 

(Watson et al., 1987). Alternatively back-arc extension could derive from the Mongol-Okhotsk 

oceanic slab break-off, located north of the Lang Shan (Fig. 2). This second source is based on 



 

geometry of the Mongol-Okhotsk suture and the northwest/southeast regional extension direction 

(Meng, 2003). Collapse of orogenic belts also seems like a plausible mechanism of high-strain 

extension (Johnson et al., 2001; Graham et al., 2001). The idea here is to first thicken the crust. 

This could be done by the thrust faults previously described in the Lang Shan. As thrust faulting 

progresses the crust in this region is progressively thickened until it reaches a critical mass and 

becomes unstable. When this happens, collapse of the orogen begins and extensional features 

develop. It is possible that this thickened, unstable crust collapsed in part by back-arc extension 

and in part by gravitational collapse. In which case, the two mechanisms working in concert are 

the cause for extension. A third possibility exists in orogen-parallel extension, which describes 

the structures that develop both parallel and perpendicular to contraction. Rapid uplift causes 

extensional features to develop at right angles to the contraction direction. Geologic evidence of 

this type of crustal deformation include basins that accompany extensional structures with 

orogen perpendicular boundaries, basin sediments have similar ages to faults and record 

compression in orogen-parallel structural trends (Zhang et al., 2000). The area of the Ertomiao 

metamorphic core complex has timing and cross-cutting features supporting the gravitational 

collapse model.  

 Orientation and timing of structures in the area of the Ertomiao metamorphic core 

complex suggest closely related sedimentation and deformation. Contraction in the area is 

north/south and given an age of post Jurassic/pre Early Cretaceous (123 ma). Extension began 

after contraction ceased during the Early Cretaceous. The northeast directed extension was 

accommodated by the low-angle normal fault. Extension in the Hohhot area has similar timing 

with extension in the Lang Shan field area but directions of extension are different. As extension 

in the Ertomiao study area progressed a basin developed above the low-angle normal fault, 

which was filled with unit Jr/K. These conglomerates have a similar age as the underlying low-



 

angle normal fault suggesting sedimentation and active faulting occurred contemporaneously. 

Additionally, northeast trending thrust faults overlying conglomerates as well as fold hinges of 

the upper and lower plates record contraction in this region. Cross-cutting relationships clearly 

establish contraction prior to onset of extension. Age of sediments and active fault movement 

suggest that extension began before the cessation of contraction. 

Erosion   

 Sometime after northeast/southwest extension the Lang Shan under went a long period of 

erosion. Marked by a horizontal unconformity, this period denudated rock units in both the upper 

and lower plates to the same topographic elevation. Current outcrop positions of the 

unconformity above the lower plate are at a higher elevation than those above rocks of the upper 

plate. This relationship shows that another period of deformation began after deposition of the 

unit E/O and provides a marker for cross-cutting relationships. [An unconformity of similar ages 

appears in a stratigraphic section by Ritts et al. (2004).] This suggests that this period of non-

deposition was a time of regional tectonic inactivity. 

Left-Lateral Strike-Slip Faulting  

 Strike-slip faults in this region are left-lateral and accommodate approximately 2 km of 

horizontal displacement. Timing relationships establish that these faults are Eocene/Oligocene to 

Miocene in age. The orientation and location of these faults suggest a relationship to the Altyn 

Tagh fault. Darby et al. (2005) state that the eastern extent of the Altyn Tagh fault extends past 

the previously accepted location near the margin of the Tibetan Plateau, beyond which it is 

thought that the fault splays into multiple strike-slip faults all with the same relative movement 

(Darby et al., 2005). In this interpretation, splays reach the Lang Shan from the southwest 

suggesting a connection between the Lang Shan and the Altyn Tagh fault. Produced from 

collision of India and Asia this regionally extensive strike-slip fault system, accommodates large 



 

blocks of continental crust to be pushed eastward in a process called extrusion (e.g. Tapponier et 

al., 1982).   

Active Range Front Normal Faulting 

 Current deformation in the Lang Shan is northwest/southeast directed extension (phase 

two). This extension could be related to the collision of India and Asia (Lin et al., 2003; Zhang et 

al., 1998). Extrusion of crustal blocks is accommodated along kilometer scale normal faults such 

as the range front normal fault. As part of the Ordos graben system this area is also going 

through counterclockwise rotation of the Ordos block (Zhang et al., 1998).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONCLUSIONS  

 Given the evidence presented here, timing and controls on the intraplate deformation of 

the Ertomiao region during Mesozoic time is likely to be related to far-field tectonic stresses. In 

the early stages of deformation, the Lang Shan was thickened along post Jurassic/pre Early 

Cretaceous (123 ma) thrust faults related to collision of tectonic blocks to the nucleating North 

China block. Additionally, folds developed with hinge line orientation sub-parallel to the strike 

of thrust faults due to this collision. High-strain extension began at the end of crustal thickening, 

and led to the development of the Early Cretaceous northeast directed Ertomiao metamorphic 

core complex. This enigmatic extension direction and the close timing of structures and 

sediments is likely due to a combination of thickened continental crust as well as back-arc 

extension of the Pacific subduction zone. Collision of the India block into Asia and subsequent 

extrusion led to post Eocene/Oligocene left-lateral strike-slip faulting across China and 

documented here in the Lang Shan. Further collision and active graben forming features around 

the stable Ordos basin then led to the Miocene/Early Pliocene northwest/southeast extension of 

the range front normal fault.  
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