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Discussion on the Cenozoic tectonic evolution
and dynamics of southern Tibet*
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Abstract: Opening-closing tectonics is a new idea for exploring the global tectonics, which holds that every tectonic move-
ment of all materials and geological bodies on earth is characterized by opening and closing. The opening-closing tectonic
view can be used to explain some geological phenomena developing in continents which cannot be reasonably explained
by the theory of plate tectonics. Based on the available basic geological data and combining with the opening-closing view,
we analyzed the divisions and characteristics of tectonic units in South Tibet, and propose that Tibet can be divided into
gravitational detachment and detachment fault zones, which are superimposed thrust fault zones and reconstructed normal
fault zones, respectively. Although the mainstream opinion believed that the Tibetan Plateau is formed by collision-com-
pression orogenesis, field investigation revealed the existence of the Rongbu Temple normal fault in the 1970s. We con-
sider that the Rongbu Temple normal fault and the Main Central Thrust were formed earlier than the South Tibet detach-
ment fault, and the former two faults constitute the two boundaries of the southern Tibet extrusion structure. The South
Tibet detachment fault partially superimposes on the Main Central Thrust and manifests a relatively high angle in following
the Rongbu Temple normal fault north of the Chomolangma. We suggest that the three fault systems are the products of
different periods and tectonic backgrounds. The tectonic units, such as klippes and windows identified by previous re-
searchers in southern Tibet, belong to thrust fault system but usually have no obvious extrusion or thrust characteristics;
however, they are characterized by missing strata columns as younger strata overlapping the older ones. These klippes
and windows should be the results of later gravitational decollement and must be characterized as extensions and slips,
respectively. Based on opening-closing theory, we suggest that since the Cenozoic the study area had undergone multi-
stage development, which can be divided into the oceanic crust expansion (opening) and subduction (closing) and the
continental collision (closing) and intracontinental extension (opening) stages. Geothermal energy from the deep earth,
gravitational potential energy from the earth’s interior, and additional stress energy from tectonic movements, all played a
key role in the multistage tectonic evolutionary process.
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Ha OTKPbITME-3aKPbITUE MOXET ObITh UCMOML30BaH AN 06bSACHEHNS HEKOTOPbIX FE0NOMMYECKUX SBIIEHWI, pa3BMBaloLLMXCA
Ha KOHTWHEHTaXx, KOTOpble He MOTyT BbiTb OAHO3HAYHO 0O BACHEHBI TEOPUEN TEKTOHMKM MNNT. OCHOBBIBASICh HA JOCTYMHbIX
recnornyecknx AaHHbIX U OnNmMpasiCb Ha KOHLEMLMIO OTKPbITUS-3aKpbITUSA, aBTOPbI NpOaHanNU3MpoBanu ctpaturpaduyeckue
noapasfeneHuns u TEKTOHMYeckne eguHuubl KOxHoro Tubeta u npeanoxuny pasgenutb 3Ty TEPPUTOPUIO Ha PasfoOMHbIE
30Hbl rPaBUTaLMOHHOMO OTPbIBA U Pa3NOMHbIe 30HbI TEKTOHMYECKOrO OTPbIBA, KOTOPbIE HAKNaabIBaKTCA Apyr Ha Apyra.
HecmoTps Ha LWMpOKO pacnpocTpaHeHHOE MHEHME O TOM, YTo TubeTckoe Haropbe 06pa3oBaHO OPOreHE30M CTONMKHOBE-
HUSA-CKaTKsl, MoneBble UCCNedoBaHNs BbISBUNM CyLLECTBOBaHWe HopMarbHoro cbpoca xpama Xyuoy B 1970-x rr. Mbl
cynTaeM, YTo HopMasbHbI cOpoc xpama YKyHOy W MaBHbIN LeHTpanbHbIA HaaBWr BbIT CPOPMMPOBaHBI paHbLUe, YeM
pasnom KOxHoro Tnbeta, a nepeble ABa pa3noma npeacTaBnaT cobon ABe rpaHNLbl SKCTPY3MOHHOW CTPYKTYPbI KOXHOro
Tubeta. Pasnom HOxHoro TubeTta 4acTMUHO HaknagpiBaeTcs Ha [NaBHbIA LEHTPanbHbIA HAABUI U, UMESt OTHOCUTESbHO
6onbLuUoN yron, crneayeT 3a HopManbHbIM chpocom xpama XKyHOy k ceBepy OT [>komonyHrMbl. Mel npegnonaraem, 4to Tpu
CUCTEMbI Pa3IOMOB SIBMAKTCA NPOAYKTaMU pasHblX NEPUOLOB U pa3HbIX TEKTOHUYECKMX NPOLIECCOB. TEKTOHMYecKue ean-
HULbI, TAKME Kak KNuMbl 1 OKHA, AEHTUMLMPOBAHHbIE NpeablayLumMmn uccnegosatensamu B KOxHom Tubete, npuHaane-
XaT K cMcTemMe HagBWUroB, HO OObIYHO HE MMEIOT SBHbIX XapaKTEPUCTUK CKATUS U HABUraHus, B TO e BPEMS OHU Xapak-
Tepu3ylTCs OTCYTCTBUEM CTpaTUdMKaLMK NNacToB, NOCKONbKy Bonee monogble nnacTbl NepekpbiBalT bonee crapble.
OTW KNuNbl M OKHa, CKOpee BCero, ABNSATCS pe3ynbTaToM 60nee No3aHero rpaBMTaLMOHHOTO HANOXEHWS U [OIHKHBI ObITb
0XapaKTEPW30BaHbI Kak yAMHEHWE 1 NpOoCKarib3biBaHWE COOTBETCTBEHHO. OCHOBBLIBASICH HA TEOPUM OTKPbITUS-3aKPbITHS,
Mbl MpegnonaraeM, YTo HayMHas C KanHO30s uccregyemas obnactb npeteprena MHOrosTanHoe pasBuTHE, KOTOpOe
MOXHO pa3fenuTb Ha MocrnefoBaTeslbHoe paclumpeHue (packpbiThe) U cybayKumio (3aKpbiTE) OkeaHMYeckow Kopbl, a
Takke criefyloLllme 3a HAMM 3Tanbl KOHTUHEHTANbHOW KOMMW3uKM (3aKpbiTUe) U BHYTPUKOHTUHEHTANbHOTO pacLUMpEeHUs
(packpbiTve). leoTepmarnbHas 3Heprus U rpaBUTaLMOHHas NOTEHUManbHas 3Heprus u3 Heap 3emnu, a Takke OOMOMHU-
TernbHas SHEPrUs HaNPSHKEHUS OT TEKTOHWYECKUX ABMXKEHWUIA — BCE 3TO ChIrpasio KMYeBY0 pofib B MHOMOCTYNEHYaToOM
TEKTOHMYECKOM 3BOMIOLMOHHOM npoLecce.

Kniodeenle crnoea: HOxHbI TUBET, reonormyeckme CTPYKTYpbl, KailHO30iCcKas TEKTOHMYECKAs SBOMOLWS, TEKTOHMKA OT-
KPbITUS-3aKPbITUS

BnazodapHocmu: ABTopbl 6narogapat npodeccopoe Mao CsionuH v YkaH Li3aMuH 3a BAOXHOBNSOLWME 06CYKAEHMs
1 GorbLUY0 NOMOLLb MPU HaNUCaHWK 3TO cTaTbu. ABTOPLI Takxke GriaroaapHbl PeLEH3eHTaM 3a LieHHbIe KOMMEHTapuu,
CMnocoBCTBOBABLUME YNYYLIEHWNIO KAYECTBA PYKOMUCH.
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Background

The "opening-closing tectonics" hypothesis is
pioneered jointly by academicians Huang Jiging,
Zhang Wenyou and Ma Xingyuan and other
young scholars in the 1970s [1, 2]. Before that,
the plate tectonics theory, based on marine geo-
logical survey data, had proposed a geological
tectonic evolutionary model which advanced ge-
ology into a new era of lithosphere dynamics re-
search. However, the overly idealized plate mo-
tion model encountered a series of problems in
the study of continental geology. Experimental
studies have proven that the continental litho-
sphere is not a simple rigid plate and the detach-
ment and relative movements between various
interlayers of the continental lithosphere are very
common and strong. The asthenosphere that the
continental lithosphere drifts on is also uneven.
Expansion between continental blocks does not
always form oceans but "limited ocean basins".
The cracking and aggregation of continental

blocks in the geologic periods are multi-cycled,
and there are also many types of orogeny move-
ments inside the continents. Natural phenomena
such as these cannot be explained by plate tec-
tonics. The opening-closing tectonics, on the
other hand, is a link connecting various earth
movements and all geological disciplines, there-
fore, it can better explain some of these intracon-
tinental tectonic phenomena.

The view of opening-closing tectonics empha-
sizes that the basic form of all earth's materials
and movements is opening and closing. The
opening and closing movements can be seen as
approaching (opposite movement) and separa-
tion (reverse movement) in the horizontal direc-
tion, while contracting (centripetal movement)
and expansion (centrifugal movement) in the ver-
tical direction. The two are unified, that is, the
opening movement (expansion) on the vertical
is contemporaneous with opening (separation)
on the horizontal, and the closing movement
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(contraction) on the vertical corresponds to clos-
ing (approaching) on the horizontal; at the same
time, the vertical (centrifugal) movement is
strongly open (separation) in the horizontal direc-
tion, and vice versa. In this way, the opening and
closing tectonics view unifies the vertical and hor-
izontal movements as well as the deep and shal-
low structures of the earth into an organic whole.
Opening and closing exist in a unified geological
body. The two are interdependent, opposite and
interconvertable. The spatiotemporal position of
the transition point (area) of opening and closing
movements has both theoretical and practical
significance. The most intensive material ex-
change, tectonic movement, and magmatic activ-
ity occur at the transition point (area) where most
orogenic belts concentrates. Meanwhile, the tran-
sition point (area) possesses the most abun-
dance of various mineral resources and also fre-
quent geological disasters such as earthquakes,
volcanoes, mudslides and landslides.

In this paper, we compare the previously de-
termined geological structure of the Chomo-
langma region in southern Tibet with traditional
integrated geological maps based on the open-
ing-closing tectonic view. We concur that alt-
hough the interpretation of several basic geolog-
ical phenomena in the Himalayan orogenic belt in
southern Tibet is still controversial, opening-clos-
ing tectonics can reasonably explain the Ceno-
zoic tectonic evolution process in this region. We
hope this paper will draw attention of other re-
searchers to opening-closing tectonics and offer
their valuable thoughts on this subject.

Division of tectonic units
in southern Tibet

The southern part of the Qinghai-Xizang Plat-
eau is generally composed of extensional detach-
ment and compressional nappe structural zones,
where a series of parallel thrust fault zones de-
veloped. Lying from north to south are the Gang-
dese magmatic arc zone (GDS), the Tethys Him-
alayan tectonic zone (THM), the Great Himalayan
tectonic zone (GHM), the Lasser Himalayan tec-
tonic zone (LHM), and the sub-Himalaya tectonic

| 2020;43(3):307-324

zone (SHM) (Siwalik Foreland Basin Sedimen-
tary Belt). The respective boundaries between
them are the India-Yarlung-Tsangpo suture zone
(IYSZ), the South Tibet detachment system
(STDS), the Main Central Thrust (MCT), the Main
Boundary Thrust (MBT), and the Main Frontal
Thrust (MFT) (Fig. 1)12. Based on previous stud-
les, and using the opening-closing tectonic view
in combination with the dynamic tectonic unit di-
visional method, we summarize in this paper the
geological structures, characteristics of tectonic
units, and tectonic boundary attributes of the
southern Tibetan Plateau.

The Main Central Thrust (MCT) was first pro-
posed by Heim and Gansse [3] who believed that
folding develops extensively on the MCT, and a
set of older metamorphic rocks reverse gently
overlapping the steeply dipping younger lime-
stone. Although the MCT integrally serves as the
boundary between GHM and LHM, some GHM
rock formation units surrounded by the MCT are
within the LHM (Figs. 2 and 3). As Harrison et al.
[4] pointed out that not all shear planes are sim-
ultaneously active in shear zones. Therefore, the
MCT position, as the main convergence point,
has also changed over time in shear zones.

Arita [7]found abrupt changes in lithology and
metamorphic grades in the MCT shear zone un-
der a Leforte designated MCT fault [8]. Therefore,
Arita named the MCT fault as MCT-I (or lower
MCT) and the Leforte designated MCT fault as
MCT-II (upper MCT) [8]. Consequently, later
scholars often draw two MCTs in the geological
map of the plateau (Fig. 4). There are three gen-
eral views on the MCT: first, it has some branch-
ing characteristics, i.e., the main fault plane is
straight with high-angle dipping but branching
faults are undulating (Fig. 2); second, it has un-
dulating characteristics as a whole (Fig. 3); and
third, it can be divided into two faults developed
in different periods (Fig. 4).

The South Tibet Detachment System (STDS),
located between the Tethys Himalayan and High
Himalayan tectonic zones, has been well defined
by geological scholars [10, 11] and widely stud-
ied. It runs parallel to the Himalayan range for more

1Pan G.T., Ding J., Yao D.S. Geological map of the Qinghai-Xizang (Tibet) Plateau and adjacent areas. Chengdu: Chengdu

Cartographic Publishing House, 2004.

2Ren J.S.. Niu B.G., Wang J., et al. 1:5 million international geological map of Asia. Beijing: Geology Publishing House,

2013.
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Fig. 1. Tectonic sketch map of southern Tibet (modified from)3*:
1 — Holocene; 2 — Cenozoic; 3 — Paleocene; 4 — Cretaceous; 5 — Mesozoic; 6 — Carboniferous-Permian (Cap 3);
7 — Pre Devonian (Cap 2); 8 — Late Proterozoic — Cambrian (Cap 1); 9 — Late Proterozoic (Cap 1);
10 — Mesoproterozoic (Basement); 11 — Ophiolitic melange; 12 — Diorite; 13 — Neogene feldspar granite;
14 - Neogene granite; 15 — Paleogene granodiorite; 16 — Paleogene granite; 17 — Ordovician feldspar;
18 — Ordovician granite; 19 — Neoproterozoic granite; 20 — Proterozoic granite; 21 — Normal fault;
22 — Unidentified fault; 23 — Strike-slip fault; 24 — Thrust fault; 25 — Detachment fault; 26 — Normal fault
superimposed and reconstructed by detachment fault; 27 — Thrust fault superimposed and reconstructed
by detachment fault; 28 — Hidden thrust fault; 29 — Hidden detachment fault; 30 — Gangdise tectonic zone;
31 - Yarlung-Tsangpo suture zone; 32 — Tethys Himalayan tectonic zone; 33 — Great Himalayan tectonic zone;
34 — Lasser Himalayan tectonic zone; 35 — Sub Himalayan tectonic zone; 36 — Main Boundary Thrust;
37 — Main Central Thrust; 38 — South Tibet detachment system; 39 — Dingri-Gangba thrust fault;
40 - Zhada-Qiongduojiang thrust fault; 41 — South Yarlung-Tsangpo river thrust fault
Puc. 1. TekmoHuyeckasi cxeMamuyeckasi kapma FOxHozo Tu6ema (c usmeHeHusmu)>*:

1 - 2onoyeH; 2 — kaliHo30U; 3 — neneoueH; 4 — mes; 5 — me3030U; 6 — KaMeHHOY20/bHO-NepMcKull nepuod (mokpos 3);
7 — paHHul 0e8oH (rokpoe 2); 8 — mo3dHul npomepo3oti — kembpuli (mokpos 1); 9 — mo3dHul npomepo3oli (Mokpos 1);
10 — cpedHuti npomeposol (pyHOameHm); 11 — ogpuonumossili MenaHx; 12 — duopum,; 13 — HeoeeHo8bIU
ronesowinamosbliti epaHum; 14 — HeoaeHo8bIl epaHum; 15 — naneozeHosbil epaHoduopum; 16 — naneoeeHosbIl
epaHum; 17 — opdosukckutli nonegol wnam, 18 — opdosukckul epaHum; 19 — Heornpomepo3ouckul epaHum;
20 — npomepo3sotickull epaHum; 21 — cbpoc; 22 — HeudeHmuuyuposaHHsbIli pasnom; 23 — cosue; 24 — Hadsue;
25 — demaymeHm; 26 — HopMarsbHbIl C6POC, HaNOXEHHbIU U PEKOHCMPYUpO8aHHbIL Mo pa3nomMy 0emaymeHma;
27 — Hadsue, HanoXeHHbIU U PEKOHCMPYUPOBaHHBIU; 28 — cKpbimbit Hadgue; 29 — CKpbimbili demaymeHm,;

30 — mekmoHuyeckas 3oHa [aHz2duce; 31 — cymypHasi 30Ha ApnyHe-LlaHeno; 32 — lumanalickasi mekmoHuYeckas
30Ha Temuca; 33 — Benukasi 2umanatickass mekmoHU4eckasi 30Ha, 34 — mekmoHuyeckasi 30Ha Manbix umanaes;
35 — Cybeumanatickass mekmoHu4eckasi 30Ha; 36 — [naeHbIl noepaHuyHbIl Haosue; 37 — [nasHbIl yeHmpansHbil
Hadsue; 38 — OxHo-Tubemckas cucmema demaymeHma; 39 — Hadsue TuHepu-lamba;

40 — Hadsue [i3aH0a-LtoHOoy3siH; 41 — Hadsue peku KOxHas SpnyHe-LaHerno

. MBT MFT
Tibetan Zone STDS Z#Greater 0
Himalayan Zong
= HST Subhzimalayan 20 ’g
one v
HST Lesser Himalayan 7:!;_
Zone MOHO 40 S
60

Fig. 2. Generalized cross section of the Himalayan margin of the Tibetan Plateau (adapted from [5]):
HST - Himalayan Sole Thrust; MCT — Main Central Thrust; MBT — Main Boundary Thrust;
MFT — Main Frontal Thrust; STDS — South Tibet detachment system
Puc. 2. 0606weHHbIl pa3pe3 sumanalickoli okpauHbl Tubemcko20 nnamo (Mo Mamepuasam ucmoyHuka [5]):
HST — nadsue nodowsesl [umanaes; MCT — [naeHbili ueHmpanbHbil Hadsuz; MBT — [1agHbil nozpaHuYyHbIl Hadsue;
MFT — maeHbil ppoHmarnbHbil Hadsue; STDS — rxHo-mubemckas cucmema 0emaymeHma

3Pan G.T., Ding J., Yao D.S. Geological map of the Qinghai-Xizang (Tibet) Plateau and adjacent areas. Chengdu: Chengdu
Cartographic Publishing House, 2004.

4Ren J.S.. Niu B.G., Wang J., et al. 1:5 million international geological map of Asia. Beijing: Geology Publishing House,
2013.
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Fig. 3. Cross section of the Himalayan orogen (adapted from [6]):
MHT, MCT, MBT and MFT — see Fig. 2; IYSZ - India-Yarlung-Tsangpo suture zone;
GDS - Gangdise tectonic belt
Puc. 3. Pa3pe3 2umanaiicko2o opozeHa (no mamepuasaM ucmoyHuka [6]):
MHT, MCT, MBT u MFT — cm. puc. 2; IYSZ — cymypHasi 30Ha MHOus-SpnyHe-LlaHeno;
GDS — mekmoHuyeckul nosic aHaduce
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Fig. 4. Tectonic evolutionary pattern of South Tibet (adapted from [9]):
1 — North Himalayandomes; 2 — Tethys sedimentary rock series; 3 — Upper Himalayan crystalline sequence;
4 — Lower Himalayan crystalline sequence; 5 — Lesser Himalayan structural belt;
6 — Siwalik sedimentary rock series; 7 — Miocene molasse; 8 — Gangdese batholith; 9 — Ophiolite
YTS - Yarlung-Tsangpo suture zone; GCT — Great Counter Thrust
Puc. 4. TekmoHuyeckas modesib 38onmoyuu KOxHo2o Tubema (no mamepuanam ucmoyHuka [9]):
1 — CesepHbie Mumanau; 2 — cepuu ocadoyHbix nopod Temuca; 3 — kpucmannu4yeckass monwa BepxHux umanaes;
4 — kpucmannuyeckas monuwja HuxHux umanaes; 5 — cmpykmypHbili nosic Maneix 'umanaes;
6 — ocadoyHbie Mopodsl cepuu cusarnuk; 7 — MuoueHosas monacca, 8 — eaHadesutickuli bamonum; 9 — ogouonumel
YTS - cymypHas 30Ha fApnyHe-Lianeno; GCT — Hadsue bonbuwio2o KoHmypa

shear sense A= past <= present

than 2000 km. The STDS is several kilometers
wide and consists of some near-parallel brittle
faults or ductile shear zones with complex move-
ment patterns, such as alternate northward and
southward movements [12-15]. The earlier stud-
ies have suggested that the STDS is nearly par-
allel to the MCT and develops between the High
Himalayan range and the Laguigangri thermo-up-
lifting extensional zone. We believe the STDS de-
taches along the unconformity between the base-
ment and the caprock and is surrounded by slip
surfaces on both the south and north sides of the
Chomolangma. The STDS develops not only be-
tween the high Himalayan tectonic belt and the
Laguigangri thermo-uplifting extensional zone,
but also in the low Himalayan tectonic belt on the
south side of the Everest, and generally distrib-
utes between the MCT and the normal fault on
the north side of the Laguigangri thermo-uplifting
extensional zone. Due to undulation on the hori-
zontal plane and denudation of some sections,
the footwall of the basement-detachment fault
can be seen from the surface.

leonorusa, nouckn u passegka MeCTOPO)KHeHVIVI nosie3HbIX UCKOoNaeMbIX |

The Main Boundary Thrust (MBT), also pro-
posed by Heim and Gansser [3], is defined as a
thrust fault that pushes the Lasser Himalayan
over the sub-Himalayan Cenozoic sedimentary
sequences (Figs. 2, 3 and 4). The inferred age of
the MBT in the central Himalayas starts at 11 Ma
based on sedimentary rate change [16], and it is
still considered active after 5 Ma evidenced by
the coarse-grained clastic deposits added to the
Himalayan foreland basin on the MBT's hanging
wall [17]. It can be seen in Fig. 1 that the patrtial
Cenozoic stratum exposes above the MBT with
the MBT and MCT largely coincidental in the mid-
dle section. One may consider that the MBT es-
tablished previously is not continuous distributed
in the EW direction, and the so-called MBT may
be other faults.

The Main Frontal Thrust (MFT) was consid-
ered by Gansser as the thrust fault developing
between the Neogene Siwalik Group and Quater-
nary sediments of the Indo-Ganghe Basin [18].
Figure 1, however, shows no strict boundary be-
tween the two sediments, so we believe the MFT
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cannot be seen but a hidden fault in most areas.
The MFT fault in Nepal causes overlaying of the
two sediments, a sign of the fault's intensive ac-
tivity in the Holocene [19].

The Main Himalayan Thrust (MHT) is not vis-
ible in the shallow crust, and scholars regarded it
as a fault in the deep crust, formed by merging
the three thrust faults (MCT, MBT, MFT) in South
Tibet. Schelling and Arita [20] unified these three
major Himalayan faults in eastern Nepal, South
Himalaya into a low-angle fault and named it the
Main Detachment Fault (MDT). But, the later re-
sults of the INDEPTH seismic reflection profiling
in Southern Tibet showed that the tectonic sur-
face lies deep in the crust of the North Himalayan
tectonic zone [21]. Therefore, it is believed that
the MHT only exits deep in the earth’s crust, but
it should still be represented by the three parallel
thrust faults on the Earth's surface (Figs. 3 and 4).

Discussion of several basic
geological problems in southern Tibet
Southern Tibet has relatively harsh natural
conditions and quite complicated geological
structure. Although a large number of experts and
scholars have done research in the area, many
controversial issues remains. In this paper, we
shall discuss the following representative issues.

Klippe, sliding peak and the MCT in southern
Tibet. Around the Himalayan arc top on both
sides of the mountain summit, it occurs large
scale juxtapositions of independent younger and
older stratum blocks. Some researchers named
this type of stratum overlay as klippe. But it is well
known to all that the basic difference between
klippe and sliding peak is their formation settings.
That is to say the two tectonic units, klippe and
window, are formed in a compressed system,
while sliding peak and sliding window are formed
in an extensional system (Table). Klippe and win-
dow are the two important structural units of the
nappe tectonic system. The nappe tectonic sys-
tem is defined in this paper as the platy or flaky
mat-like blocks that undergo large-scale dis-
placement under the compressed system, and
can be divided into the folding and thrust nappe
types. Generally speaking, klippe often outcrops
while window develops in the frontal and trailing
edges of the thrust nappe tectonic system, re-
spectively. The sliding peak and sliding window
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are the two important structural units of the slip
tectonic system, which is defined in this paper as
the platy or flaky sheet-like blocks that experi-
ence large-scale displacement under the exten-
sional system. It can be divided into the exten-
sional and gravitational slip types. We believe the
Laguigangri and Kangma metamorphic core
complexes, in a series of metamorphic core com-
plex belts in northern South Tibet, are the prod-
ucts of extensional slipping [22], whereas the pre-
viously defined klippes and windows in the south-
ern South Tibet should be the products of gravi-
tational slipping.

Due to multilevel slipping, a rather complex
phenomenon of summit strata stacking occur in
southern Tibet, where the higher situated stratum
at the mountain peak experiences greater slip-
ping displacement. Thus one can see Carbonif-
erous and Permian strata slipping above the
basement of the Indian Craton, and Ordovician
limestone strata slipping above Cambrian-Upper
Proterozoic strata. As a result, the stratum col-
umn in this kind of slipping area becomes signifi-
cantly thinner due to extensional and thinning ac-
tions. However, some scholars believed that the
independent geological bodies bounded by the
STDS in southern Tibet are klippes, and they
pointed out that the klippes extend over 100 km
from their northernmost outcrop toward the MCT
[23]. Many other scholars also believe that these
thinned independent geological bodies are
klippes or windows formed by thrust compres-
sion.

We believe the movement of the detachment
fault system may lead to the missing of Ordovi-
cian-Carboniferous strata in the Lasser Himala-
yan tectonic zone. Without sliding between the
basement and caprock, the basement will uplift
and occasionally with sliding peak on the base-
ment’s uplifting. The sliding peak and sliding win-
dow usually develop in the protruding region of
the Himalayan arc. If they developed on the two
sides of the Himalayan arc or occasionally on the
basement’s uplifting, they must have been
formed by gravitational slip tectonics after the
southern Tibet uplifting to a certain height.

The Rongbu Temple high-angle normal fault
and STDS. In southern Tibet, a high-angle nor-
mal fault lies parallel to the South Tibet detach-
ment system (STDS). This normal fault, however,
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Differences between sliding and nappe structures

Pasnunuus Mexay cABUroBbIMU U NOKPOBHbLIMU CTPYKTYpamMu
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Nappe (Klippe)

Slip (Sliding Peak)

Extensional slip

Gravitational slip

Tectonic system

Compression system

Extensional system

Gravitational action
in the background
of uplifting

Fault combination

Thrust faults

Normal faults

Mainly are overturned

The down limb

Characteristics recumbent folds with is inverted limb Both characteristics
of folds thinned and pull-off and well preserved such as the frontal
inverted limbs edge is more like
: Upright long axis with Opposite to the a nappe structure,
Tectonic ' usually is upright ellipsoid is flat ellipsoid is characterized
deformation Old stratum overthrows . by a extensional
Deformation sequence Opposite to the structure

young stratum.
Stratigraphic duplication

former, strata missing

Deformed structures

Horizontal thinning,
vertical thicken

Horizontal stretching,
vertical thinning

Deformation
under the structural plane

Compression-shortened

Obvious extensional
deformation

Weak extensional
deformation

is often ignored or outrightly classified as part of
the STDS by scholars. Butin fact, the faultis quite
different from the STDS. For example, on the
northern slope of the Chomulangma, the fault
clearly extends into the Rongbu Temple area and
is a trailing-edge structure of the early extruded
structure, whereas the South Tibet detachment
fault is clearly formed later. As early as 1974,
while conducting scientific investigation in Tibet,
Guo Tieying et al. discovered a large-scale nor-
mal fault in southern Tibet, and they explicitly pro-
posed the name Rongbu Temple normal fault. Af-
ter returning from Tibet, Guo was asked by Ma
Xingyuan to write an article to report this discov-
ery, as Ma thought of the Rongbu Temple normal
fault a very important manifestation of exten-
sional structures. But Guo never wrote this article
due to busy schedules. Later on, while research-
ing in the Ali area in western Tibet, Guo saw a
high-angle normal fault extending E-W in south-
ern Ali, and he believed this normal fault was the
westward extension of the Rongbu Temple nor-
mal fault as shown in Fig. 1. We believe the active
period of the Rongbu Temple normal fault could
have started as early as before the Neogene. The
activity of the normal fault controlled the distribu-
tion and output of the later Himalayan granite plu-
ton. After pluton cooling (about 12-17 Ma),
the STDS was formed by extensional tectonic

movement occurred in southern Tibet. In the
Rongbu Temple and Chomulangma areas, it can
be seen clearly that the STDS traces the early
Rongbu Temple normal fault with a dip of more
than thirty-five degrees, while in other areas the
STDS extends with a dip of no more than twenty
degrees beneath the Tibetan zone.

The cross-section of the Chomolangma area
consists of four parts (Fig. 5, b). The 1% part is
lower Ordovician limestone containing many ver-
tical joints developing near-horizontally on the
Chomolangma summit. The 2" part at the bottom
of lower Ordovician limestone overlaps Sinian-
Cambrian clastic rocks with a type of ductile
shear zone as the boundary. Some mylonites de-
velop in the ductile shear zone, indicating the
presence of extensional ductile shear zones. Be-
cause of the light-yellow limestone composition,
some scholars call the 2" part the “yellow stra-
tum”, which develops in the middle of the Chomo-
langma with intralayer rheological characteristics.
Under the yellow stratum is the 3" part composed
of Neoproterozoic-Cambrian clastic rocks such
as shallow metamorphic and unmetamorphosed
sedimentary rocks. Between the 3™ and 4™ parts
is a low dipping detachment consisting of strongly
metamorphic crystalline rock series, including
Middle-Neoproterozoic schist, gneiss, plagio-
clase amphibole and Miocene granulite.
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Chonolangmn

Fig. 5. A close view of the Chomolangma in 1974 (a)
and geological sketch profile of the Chomolangma (b)
Puc. 5. Bud Ha [J)xomonyHamy e6nu3u e 1974 2. (a)
u 2eosnoeuyeckuli cxemamu4deckul paspes [xomonyHamei (b)

Multilevel extensional detachment faults can
be seen in the Chomolangma area or elsewhere
in southern Tibet. As shown in Fig. 6, an exten-
sional slip fault develops between Upper Protero-
zoic-Cambrian and Upper-Middle Proterozoic
strata; a second one develops between Early
Paleozoic (Ordovician) and Upper Proterozoic-
Cambrian strata, reconstructing the angular un-
conformity between the Ordovician and Precam-
brian representing the Pan-African movement;
and a third one develops between Permian or De-
vonian and Silurian or Ordovician strata.

From the above description, we can make the
following inferences. The Rongbu Temple normal
fault paired with the MCT to form so called “horse
structures” during the intercontinental collision.
The uneven movements of the “horse structures”,
due to different thrust velocities and amplitudes
and varying degrees of severe weathering and
erosion, led to the formation of two extruded tec-
tonic belts, with very different topography to the
surrounding landforms in southern Tibetan Plat-
eau, where the extensional sliding tectonic belts
developed in a later stage. The STDS is formed

87|”E

28°N

Chomglangma

28'N

87°E

Fig. 6. Sketch map of the Chomolangma area:

1 — glacial covered area; 2 — Quaternary sediments; 3 — Permian sediments; 4 — Devonian-Carboniferous
sediments; 5 — Silurian-Devonian sediments; 6 — Ordovician sediments; 7 — Upper Proterozoic-Cambrian
sediments; 8 — Upper-Middle Proterozoic sediments; 9 — Neogene granite; 10 — fault or snow-covered fault
Puc. 6. Cxemamuyeckasi kapma palioHa [J)KOMOJlyH2MbI:

1 — obnacmb 1eOHUKOB020 MOKPO8a; 2 — YemB8EePMUYHbLIE OMIIOXEHUS; 3 — MEePMCKUE OMITOXEHUST;

4 — omnoxeHus degoHa — kapboHa; 5 — omioxeHus cunypa — 0egoHa; 6 — omnoxeHus op0o8UKa;

7 — 0MII0XeHUs1 8epXHEE0 MPOMEPO30s — KeMbpUs; 8 — OMIIOXEHUSI 8EPXHEE0 — CPEOHE20 NPOMePO30s;
9 — epaHumebl HeozeHa; 10 — pa3siom unu pasnom, nepeKkpbimeili CHe2oM
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in an extensional environment created by ex-
treme compression; and the appearance of leu-
cogranite indicates the STDS movement in an ex-
tensional setting. The STDS is huge and complex
with three common detachment planes. The larg-
est plane separates the basement (Pt2-3) and
caprocks of the Tibetan Plateau. The second one
lies between Upper Proterozoic-Cambrian and
Ordovician or Silurian strata. And the third one
separates Ordovician and Devonian or Carbonif-
erous strata. Because the STDS has detachment
properties in the deep and slip-off characteristics
in the shallow, it may be characterized more pre-
cisely as a detachment-slip system. The STDS is
particularly developed around the Himalayan arc
top with huge sliding displacement, where Car-
boniferous sliding stratum slides onto the base-
ment of the Indian craton, and the sliding body
(sliding surface) steps down as it makes contacts
with the Rongbu Temple normal fault. Therefore,
we suggest that the Rongbu Temple normal fault
and the STDS are two faults of different ages and
they overlap the Himalaya arc top (Fig. 1).

The following can be inferred from the above
analysis:

1. The Rongbu Temple normal fault truly ex-
ists. It pairs with the MCT in the early stage to form
two boundaries of lateral extruded structures

| 2020;43(3):307-324

enriched with “horse structures” in southern Tibet
(Fig. 7). The extrusion can be modeled by numer-
ical simulation [24]. This lateral extruded struc-
ture is formed after the collision between the In-
dian and Asian-Eurasian plates, as the smaller
Indian plate suddenly stopped to cause N-S com-
pression of the bigger Asian-Eurasian plate.

2. After the lateral extruded structural is
formed, the STDS became active because of the
N-S extension. The STDS has a gentle dip angle
across southern Tibet and a high dip angle locally
in the northern Chomolangma in tracking with the
early Rongbu Temple normal fault (Fig. 7). The
detachment fault system, the Rongbu Temple
normal fault and the thrust faults are the struc-
tures of different properties and formation ages.

The Laguigangri metamorphic core complex,
STDS and MCT. In South Tibet, the Kangma, Sa-
kya, Laguigangri and Yalaxiangbo Domes form a
near W-E trending metamorphic core complex
chain consisting of a core, a middle section with
ductile rheology and cap rocks. Precambrian
rocks (deformed granite and meta-sedimentary
rocks) with high metamorphism and deformation
make up the core, inside which develops multi-
stage emplacement granites. The middle section
is made up of low dip angle detachment faults
(with ductile rheology), separating the core and

' k

Fig. 7. Cross-section of the Chomolangma area (a); finite element modeling of the vertical extrusion
of the Higher Himalayan Zone (adapted from [24]) (b):
YTSZ - Yarlung-Tsangpo suture zone; LTZ — Laguigangri tectonic zone;
RNF — Rongbu Temple normal fault; HHZ — High Himalayan tectonic zone;
STDS, MCT; MBT and MFT - see Fig. 2.

Puc. 7. Pa3pe3s e palioHe [)xoMonyHaMbl (2); ModenuposaHue eepmukaibHbIX 3Kcmpy3uli
30HbI BepxHux Numanaee MemodoM KOHEeYHbIX 371eMeHMos8 (Mo Mamepuasam ucmoyHuka [24]) (b):
YTSZ - cymypHas 30Ha ApnyHe-LlaHeno; LTZ — mekmoHu4eckas 30Ha JlagylicaHxu,

RNF — c6poc xpama XKyHby;, HHZ — mekmoHuyeckas 30Ha Bbicokux umanaes;

STDS, MCT; MBT and MFT - ¢cm. puc. 2.
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cap rocks. These detachment faults, distributed
in an arc shape and must be a part of the STDS,
develop undulately between the basement and
cap rocks. Because of the late stage fast uplifting
and denudation, these detachment faults are not
seen in some locations including the northern
High Himalayan and northern Tethys Himalayan.
Xu et al. [6] also considered the detachment fault,
developed between the basement and cap rocks
of the Laguigangri metmophic dome, a part of the
northward extension of the STDS and formed
during 20-16 Ma. They argued that the cap rocks
are the shallow metamorphic or unmetamorphic
Tethys sequences, consisting of many kind of
rocks including Ordovician marble and schist,
Carboniferous marble, crystalline limestone,
speckled slate, Permian arenaceous slate and
gravel slate, metamorphic quartz sandstone, very
low grade metamorphic Triassic fauxite, etc.
These arc-shaped detachment faults should be
part of the STDS developing in the detachment
system with S-N undulating waves between the
metamorphic basement and sedimentary (shal-
low metamorphic) cap-rock [22, 25].

Some scholars believed that the High Hima-
layan structural zone (HHZ), bounded by the
STDS and MCT, is a vertical extrusion. However,
the Laguigangri metamorphic core complex and
STDS are the products of extensional structural
setting, while the MCT is of compressional set-
ting. According to the numerical modeling analy-
sis, the STDS and MCT never merged but define
respectively the top and the bottom of a channel
flow of low-viscosity lower crust expulsed from
beneath the Tibetan Plateau [26]. Furthermore,
we consider the two fault systems formed in dif-
ferent periods by different mechanisms. So we
believe that the South Tibet detachment system
couldn’t pair with the MCT to form HHZ. Accom-
panied by Miocene granite magma activity, the
Laguigangri metamorphic core complex should
be formed at the same time as the STDS, and
both are the products of the N-S trending thermal
uplifting extension in southern Tibet.

Division and characteristics
of Cenozoic multistage evolution
The formation of the Qinghai-Tibet Plateau is
an important geological event in the Earth's evo-
lutionary history. Many scholars have put forth
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many ideas to explain the genesis of the plateau,
including the intracontinental subduction model,
oblique slice thickening-lateral extrusional es-
cape model, bidirectional subduction with multi-
ple driving model, tunnel flow (channel flow)
model, wedge-shaped extrusion model, longitudi-
nal extension model, lithosphere-mantle delami-
nation model, gravitational expansion and col-
lapse model, and so on. Although these models
can offer some explanations, we believe a better
explanation can come from the opening-closing
view, that is, the plateau is formed by the opening
and closing of different parts of the earth at differ-
ent stages, or to say, by the coupling effects of
opening and closing.

We believe the formation of the Himalayas
and the rise of the Mt Everest are related to the
disappearance of the Neo-Tethys Ocean, once
located between the Indian and Asian-Eurasian
Plates in the Mesozoic-Cenozoic, as a result of
continuous collision and extrusion of the two
plates and their extension and detachment after
orogeny. And all these events are caused by
crustal movements at different stages contempo-
raneous with multiform movements (repeated
horizontal-vertical movements) and multisystem
(extrusion-extension) transformation. Based on
regional geological surveys and combining with
previous research results, we consider the plat-
eau experienced two evolutionary cycles of open-
ing and closing from the formation of the Neo-Te-
thys Ocean to the rising of the Chomolangma to
its current height after the intracontinental colli-
sion. After the Tethys ocean opening, the plateau
began a strong opening-closing transitional pro-
cess. The evolutionary process can generally be
divided into different opening-closing cycles,
manifested by different systems such as oceanic
expansion (opening) and crustal sinking (conver-
sion), intercontinental collision and compression
(closing), intracontinental relaxation-collapse and
extensional detachment (conversion), and sliding
with thermo-uplifting and uplifting of the entire
plateau (opening). In this complex and multistage
evolutionary process, thermal energy (thermal
matters) in the deep earth plays an important role
as in the plateau uplifting process, such that mol-
ten mantle material continues to move upwards
and migrates horizontally on different geo-
spheres multiple times. That is to say, the hot
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material experiences multiple vertical to horizon-
tal transitions when it moves from the deep to the
shallow part of the earth; and such movements
can cause opening-closing transitions at different
layers and spheres of the earth [27, 28].

The intercontinental collision (closing) stage
(55-30 Ma). The formation process of the ex-
truded structure in southern Tibet occurred in the
closing stage of the Cenozoic. During this stage,
the Neo-Tethys crust had disappeared; and the
Indian continent, south of the Tethys ocean, be-
gan to collide with the Asian-Eurasian continent
north of the Tethys ocean. Here we believe that
the Indian continent at that time was quite smaller
than the Eurasia continent, and because of its rel-
atively light weight and therefore rather fast drift-
ing speed, it became separated from the south-
ern Gondwana. After the collision, the Indian con-
tinent developed many arc-shaped southward
compressional thrusts due to extreme N-S com-
pression; at the same time, the Himalayan area
developed several lateral extrusions with “horse
structures” related to corresponding magmatic
activity. The bottom of the extrusions — a con-
verging area of a series of arc-shaped thrust
faults and high dip angle normal faults — should
be in the middle crust at a depth of about 30-40
km. The wedge-shaped Chomolangma extrusion
with large extusion range and higher rising
speed, gradually rose highest above the entire
extrusion, while the HHZ-MCT extrusion reached
its highest elevation and became the sliding Peak
One. Due to tectonic stress in the middle and
lower crust and gravitational potential energy, the
southern Tibet and eastern (ES) and western
(WS) syntaxes experienced increasing pressure
and strain rate, so resulted in local transient high
pressure. Under this condition, eclogite was
formed during an ultra-high pressure metamor-
phic event.

Here, we believe that before the Miocene, the
Chomolangma, the highest point on the topogra-
phy map nowadays, was not the highest place
but second to the HHZ south of the Chomo-
langma. Later, because of differential uplifting-
descending movements of the two extrusions and
northward sliding of the small dip angle exten-
sional fault in southern Chomolangma, as well as
isostatic adjustment, the Chomolangma came
into being the highest place on earth, replacing
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the High Himalaya Zone. Since then, affected by
severe weathering and erosion, the once uplifting
zone - the sliding Peak One (the High Himalaya
vertical extrusion in southern Chomolangma),
and the once slope caused by slippage (the
missed STDS in the High Himalayan vertical ex-
trusion), are not visible on the Earth's surface to-
day. In fact, residual STDS still remains on the
Chooyu mountain and Mount Everest. For exam-
ple, the detachment fault beneath the “yellow
zone” on top of the Mount Everest is just the re-
sidual STDS. But because it develops on such
high elevation and covered by nowadays topo-
graphic features, it could not be seen by many
scholars except mountaineers. Hence, this phe-
nomenon is not acknowledged by some experts
and scholars.

Intracontinental relaxation-collapse and ex-
tension-detachment (transition) stage (20-7 Ma).
The interior and southern part of the Qinghai-Ti-
bet Plateau began to stretch and relax accompa-
nied by the upwelling of thermal fluid, causing
new asthenospheric thermal uplifting. At the
same time, the thickened lower crust softened
thermally and the middle crust gathered a large
number of thermal masses. So the transition
stage is defined as the tectonic system in south-
ern Tibet switching from compression (closing) to
extension types (opening), followed by horizontal
extensive detachment marked by ductile shear
formation. It happened outside the early extru-
sions and the sliding Peak TWO was formed. In
addition, the main detachment and sliding planes
are formed with a large amount of magmatic em-
placement, causing the wide distribution of the
New Himalayan leucogranite dykes in the Hima-
laya orogeny [29, 30]. Abundant kinematic indi-
cators are well developed in deformed leucogran-
ites (granitic mylonites) and gneiss on both mi-
croscopic and outcropping scales (e.g., S-C fab-
rics, asymmetric rotational porphyroclasts, min-
eral-stretching lineation, dislocation of quartz,
and domino structures, mica-fish fabrics, asym-
metric mylonitic folds and small scale normal
faults), indicating a top-to-north movement of
multistage, multilayer ductile shear zones [31]. In-
volving a series of slippary structures in southern
Tibet, the Qinghai-Tibet Plateau began to rise as
a whole. At last, a series of N-S trending normal
faults formed in the interior of the plateau while
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the periphery of the plateau experienced outward
thrust, activating some of the early thrust faults.

Sliding thermal fluid rising and the plateau
overall rapid uplifting (open) stage (Since 7 Ma).
In the late Miocene after the delamination and
thinning of the southern Tibet lithosphere, large
amounts of thermal fluids surged (vertical open-
ing) from the asthenosphere, then isostatic ad-
justment happened and intra-continent began to
slip (horizontal opening). The entire Qinghai-Ti-
bet Plateau rose (open) quickly by the coopera-
tion of mantle thermal flow and climate [32, 33].
Consequently, the periphery of the plateau expe-
rienced compression while the internal part expe-
rienced violent extension. This phenomenon was
described as a "flowering bun" by Professor Guo
Tieying in the early 1980s.

Overall, the upwelling of the mantle thermal
fluid, the multistage multisystem crustal exten-
sion (thrust) and isostatic adjustment created the
present tectonic landforms of the Everest and its
surrounding areas. Due to Cenozoic detachment
deformation on the north and south sides of the
Everest, some basins exhibit overlaying of
younger strata over the older ones; and some
heat-releasing structures, such as hot springs,
appear in the N-S trending grabens caused by
the N-S direction thermal upwelling. So the nor-
mal fault on the north side of the Everest is a gi-
gantic regional fault, which controls the distribu-
tion and output of magmatite in the formation of
the Laguigangri and Everest thermal domes.
Thus it can be certain that the magmatic and nor-
mal fault activities in this region were contempo-
raneous.

Fission track analysis reveals that the final
cooling and exposing events in the high Himala-
yas mainly occurred since 7-5 Ma [34-37]. The
Himalayan ES and WS syntaxes show a dramatic
cooling and denudation history since 3 Ma,
whereas the western tectonic nodule had an av-
erage delamination rate of 4.5 mm/a since 10 Ma,
with at least 14 km materials eroded since 1 Ma
[38]. Low-temperature studies show that the av-
erage erosion rate in the Nanga Bawa area was
as high as 3.6 mm/a since 5 Ma [39]. Our apatite
and zircon fission track analysis of the Dinggye
leucogranite reveals that the cooling and erosion
rates were 18.421 °C/Ma and 0.526 mm/a, re-
spectively, in the Himalayan region since 5.7 Ma
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[36]. Other studies have shown that in the Lasser
Himalayan crystalline belt of Sutlej, India the den-
udation rate was 1.8 mm/a since the Pliocene
epoch [40], and the Zada Basin began to sag at
5.1 Ma [41] and the submarine fan deposits in the
Bay of Bengal saw increased deposition rate at
about 5 Ma [42].

In the North Himalayan tectonic belt, tectonic
activities since 3.6 Ma are mainly characterized
by the formation of a series of near N-S graben
associated thermal anomalies, while the near W-
E fault structures are relatively inactive. The vio-
lent tectonic uplifting, and increase in geomorphic
contrast since 3.6 Ma, are characterized by the
widespread occurrence of molasses accumula-
tion in the foothills, and by a significant increase
of sedimentary rate in the basin. The sediment of
the Siwalik Group in the Ganges Plain in southern
Himalayas is obviously thickened with conglom-
erate deposits at about 3.6 Ma, when a series of
near N-S graben-type basins along the northern
Himalayas converted into coarse clastic con-
glomerate deposits, such as the Gomba con-
glomerate in the Gyron basin. The Asian mon-
soon strengthened again in the 3.6-2.6 Ma time
interval [43]. The Gyron basin began to deposit
the Gomba conglomerate at 2.4 Mattill 1.7 Ma as
the basin shrank and ended its deposition [44]. In
the southern foothills of the Himalayas, macro-
conglomerate covered the Siwalik Group, while
the Kashmir basin began to form in the north-
western foothills of the Himalayas [45]. Ding Lin
et al. studied the fission track thermochronology
of the Gangdese magma [46] in the periphery of
the ES syntax of the Himalayan, and concluded
that the ES syntax has a strong uplifting since
3.4 Ma and the High Himalayan tectonic belt has
a strong uplifting and erosion since 3.6 Ma. Sys-
tematic zircon and apatite fission track analyses
of the High Himalayan crystalline sequences all
showed a good linear relationship between age
and elevation, suggesting significantly acceler-
ated cooling and denudation since 3.6 Ma.

Under the gravitational force, the sliding Peak
One, the then highest peak in south of the Cho-
mulangmo, underwent extensive gravitational
collapse with southward and northward extension
slipping; as a result, the Chomulangmo became
the highest peak in the Pliocene epoch. What's
more, the sliding Peak Two (in the Chomulangmo
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area) underwent southward- and northward-di-
rected detachments after that time, causing a
large-scale stratum column thinning at the Ever-
est summit. Thermal materials surged upward
from the middle-lower crust, forming thermal
anomalies such as hot springs in the N-S gra-
bens. The tectonic and climatic factors [47] jointly
restricted fast uplifting and exhumation on the
southern slope of the Himalayas as well as for-
mation of an abnormally high altitude Himalayan
main ridge. The dual effects of extension and
strong erosion caused by the climate have led to
the formation of abnormally high-altitude moun-
tain ranges around the peripheral plateau. After
that, the strengthening of the monsoons caused
the final formation of the peripheral mountain sys-
tems and mountain-basin coupling structures. To
sum up, the upwelling of mantle thermal fluids,
the crustal multistage and multisystem extension
(thrust) and isostatic adjustment jointly create the
current tectonic features of the Chomulangma
and its surrounding areas.

A deeper understanding of opening-closing
orogenic process requires us to concentrate our
efforts more on the detailed geological record for
evidence of persistent process than on the tem-
poral evolution of geological structures and land-
forms. We must also examine the internal differ-
ences between the opening-closing view and the
plate tectonic theory.

| 2020;43(3):307-324

Conclusions

In this contribution, we use the opening-clos-
ing tectonic view to analyze several basic geolog-
ical phenomena in southern Tibet and obtain
some new ideas different from the plate tectonic
theory. We then further analyze the Cenozoic
evolutionary process of opening-closing in South
Tibet and obtain the following main insights:

1. The Rongbu Temple normal fault, the MCT
and other thrust faults form a lateral extrusion
structure in southern Tibet. The South Tibet de-
tachment system (STDS), the Rongbu Temple
normal fault and the MCT are the products of dif-
ferent times and systems.

2. The klippes and windows in southern Tibet,
identified by previous researchers, are formed
later in an extensional setting, rather than a thrust
compression setting, and belongs to the slip sys-
tem.

3. The evolutionary process of southern Tibet
can be divided into five different stages charac-
terized as opening-opening-closing-opening-
opening. Thermal energy and gravitational poten-
tial energy in the deep earth played a key role
during this opening-closing evolutionary process.
Several vertical switching movements occurred
accompanied by the deep thermal matter migra-
tion from the interior to the exterior of the Earth.
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