21 4~5 Vol.21 Nos.4~5

2002 5 GEOLOGICAL BULLETIN OF CHINA May 2002
G. A. Davis'? )
1. Department of Earth Sciences University of Southern California Los Angeles CA 90089—0740
2. 100083 3. 100871
mcc 1
2 3
/ 10~15 km
P588.3 P54 A 1671—-2552 2002 —04~05—-0185—-08
1979  George H. Davis Peter Coney Wernicke

de-
tachment faults
metamorphic core complex
“ ” ? 80
Wernicke 8

Davis Coney '

25 1

2 9~10

3 11~12

13

décollement zone 4

2.1

Brian Wernicke

2001-11-20
G. A. Davis 1935



186 GEOLOGICAL BULLETIN OF CHINA 2002

10~15 km
14
" 2001 7 2.2
80 70
gy (08
60°
3
1 -
35~40° 2
3 -
/
15
8
400~550°C
Altoberina 16
Chemehuevi 17
10~15 km



187

20

16

30°
20°

26

100 km?
10km >

21~23

25~30°

19

Davis Zheng and

15

G. A. Davis

18

60°
40~60°

‘Wernicke 2

21

Darby
2.3

Diagram of the Whipple Mountain metamorphic core in southeastern California USA

Fig. 1

MF

cb

WDF

mgn

IpxIn

sV

upxin



188 GEOLOGICAL BULLETIN OF CHINA

2002

—Halloran Chemehuevi -
2
—Halloran
27
100~200 m
1000m " 40°

~Z

Fig. 2 Diagram showing the imbricated detachment
faults parallel to the direction of crustal

extersion and detachment slip

excisement

3.1

70

Fig. 3

Progressive evolution of a large—scale

detachment fault system as seen in the cross

section and perpendicular to corrugations

los

31

28~30

2—

9~10

8915

Alpi Apuane

Rhone—Sim-



21 4~5

G. A. Davis 189
plon —Lepontine 233 -
Tauern s
5 —
Omineca
Nordfjord—Sogn 637
* “ Slocan
6 20~30 km 30°
« " 3 4 Omineca
Omineca “ 30~35 km
7 10 km
0 Nordfjord—Sogn
Woodlark—D’Entrecasteaux - 5km 5~10°
8 30~40 km 50~100 km ¥
“ 3.4
12 45
3.2
NO60°Ex
1984 Coney Harms
1 Dewey Omineca
7 Omineca
45~52 Ma
58~52Ma *
Omineca
159~128 Ma U/Pb 12 40
120~110 Ma 2% Alpi Apuane ™
Menders 1
35
Omineca

3.3

4



190

GEOLOGICAL BULLETIN OF CHINA 2002

Nordfjord—Sogn

Davis Zheng Darby

4

10~15 km

Brian Darby

37
2%
2
/
35~40°

1987

gdavis@usc.edu or ydzheng@geoms.geo.pku.edu cn

1 Davis G H and Coney P J. Geologic development of the
Cordilleran metamorphic core complexes J . Geology 1979 7
120~124.

2 Wernicke B. Low—angle normal faults in the Basin and Range
Province nappe tectonics in an extending orogen J . Nature
1981 291 645~648.

3 Davis G H. Shear—zone model for the origin of metamorphic
core complexes J . Geology 1983 11 342~347.

4 Wernicke B. Uniform—sense normal simple shear of the conti-
nental lithosphere J . Canadian Journal of Earth Sciences
1985 22 108~125.

5 Davis G A Lister G S and Reynolds S J. Structural evolution
of the Whipple and South mountains shear zones southwestern
United States ] . Geology, 1986, 14:7~10.

6 Howard K and John B E. Crustal extension along a rooted
system of imbricate low—andgle faults: Colorado extensional
corridor, California and Arizona A . in: Coward, M. P. et al
eds. Continental extensional tectonics C . Geological Society
Spec. Pub, 1987, (28): 299~311.

7 Davis G A and Lister G S. Detachment faultiong in continental
extension: Perspectives from the Southwestern U. S. Cordillera
J . Geol. Soc. America Special Paper, 1988, 218: 133~159.

8 Lister G S and Davis G A. The origin of metamorphic core
complexes and detachment faults formed during Tertiary conti-
nental extension in the northern Colorado River region, U. S.
A J . Journal of Structural Geology, 1989,12:65~94.

9 Burchfiel B C and Royden L H. North—south extension with-
in the convergent Himalayan region J . Geology, 1985, 13:
679~682.

10 Burchfiel B C, Chen Z, Hodges K V et al. The south Ti-
betan detachment system, Himalayan orogen : Extension con-
temporaneous with and parallel to shortening in a collisional
mountain belt J . Geol. Soc. America Spec. Paper, 1992,269:41.

11 Davis G A and Zheng Yadong. A possible Cordillera—type
metamorphic complex beneath the Great Wall near Hefangk-
ou Huairou County northern China J . Geol. Soc. America
Abstract with Program 1988 20 324.

12 Davis G A Qian X Zheng Y et al. Mesozoic deformation
and plutonism in the Yunmeng Shan A metamorphic core
complex north of Beijing China A . in Harrison M. and
Yin A. eds Rubey Volume Tectonics of Asia C . Cam-
bridge Univ. Press 1996. 253~280.

13 Zheng Y Wang S Wang Y. An enormous thrust nappe and

extensional metamorphic core complex newly discovered in



21 4~5 G. A. Davis

191

16

17

18

19

20

21

22

23

24

26

Sino—Mongolian boundary area J . Science in China Series
B 1991 34 9 1145~1153.

Faure M Sun Y Shu L et al. Extensional tectonics within a
subduction—type orogen The case study of the Wugongshan
dome Jiangxi Province

1996 263 77~106.

southeastern China ] . Tectono-
physics
Davis G A. Rapid upward transport of mid—crustal mylonitic
gneisses in the footwall of a Miocene detachment fault

Whipple Mountains
Rundschau 1988 77 1

southeastern California J . Geologische
191~209.

Boncio P. Prozetti F and Lavecchia G. Architecture and sies-
motectonics of a regional low—angle normal fault in central
Italy J . Tectonics 2000 19 1038~1055.

John B E. Geometry and evolution of a mid—crustal extension-
southeastern Califor-

al fault system Chemehuevi Mountains

nia A . in Coward M P et al eds. Continental extensional
tectonics C . Geol. Soc. London Spec. Pub. 1987 28 313~
335.

Buck W R. Flexural rotation of normal faults J . Tectonics
1988 7 959~973.

Gessner K Ring U Johnson C et al. An active bivergent-
rolling—hinge detachment system Central Menderes metamor-
phic core complex in western Turkey J . Geology 2001

29 611~614.

Sorel D. A Pleistocene and still—active detachment fault and
the origin of the Corinth—Patras rift
2000 28 83~86.

Greece ] . Geology

John B E and Foster D A. Structural and thermal constrains
on the initiation angle of detachment faulting in the southern
Basin and Range The Chemehuevi Mountains case study J .
Geol. Soc. America Bull. 1993 105 1091~1108.

Pease V. Foster D Wooden ] et al. The Northern Sacra-
mento Mountains history and detachment faulting. p. 199~237
in Mac Niocaill C. and Ryan P. eds

C . Geol. Soc London Spec. Pub. 1999 164

Continental tectonics
199~237.
Livaccari R F and Geissman ] W. Large—magnitude extension
along metamorphic core complexes of western Arizona and
southeastern California Evaluation with paleomagnetism | .
Tectonics 2001 20  625~648.

Friedmann S J and Burbank D W. Rift basins and suprade-
tachment basins. Intracontinental extensional endmembers J .
Basin Research 1995 7 109~127.

Yin A and Dunn ] F. Structural and stratigraphic development
of the Whipple—Chemehuevi detachment fault system south-
castern California Implications for geometrical evolution of
domal and basinal low—angle normal faults J . Geol. Soc.
America Bull. 1992 104 659~674.

Avigad D Ziv A and Garfunkel Z. Ductile and brittle short-

extension—parallel folds and maintenance of crustal

Greece J . Tec-

ening

thickness in the central Aegean Cyclades

27

28

29

30

31

32

33

34

35

36

37

38

and

39

40

41

tonics 2001 20 277~287.
Davis G A Fowler T K Bishop K M et al. Pluton pinning
of an active Miocene detachment fault system

1993 21  627~630.

eastern Mojave
Desert California J . Geology
Lister G S Banga G and Feenstra A. Metamorphic core
complexes of Cordilleran type in the Cyclades

1984 12 221~225.

Aegean Sea
J . Geology
Vandenberg L C and Lister G S. Structural analysis of base-
ment tectonites from the Aegean metamorphic core complex
Cyclades 1996 18
1437~1454.

of Tos Greece J . J. Struct. Geololgy
Avigad D Garfunkel Z Jolivet L et al. Back arc extension
and denudation of Mediterranean eclogites J . Tectonics
1997 16 924~941.

Carmignani L and Kligfield R. Crustal extension in the
Northern Apennines The transition from compression to ex-
tension in the Alpi Apuane core complex J . Tectonics

1990 9 1275~1304.

Mancktelow N S. Neogene lateral extension during conver-
gence in the Central Alps Evidence from interrelated faulting

and backfolding around the Simplonpass
1992 215 295~317.

Switzerland ] .
Tectonophysics
Steck A and Hunziker J. The Tertiary structural and thermal
evolution of the Central Alps—compressional and extensional
structures in an orogenic belt J . Tectonophysics 1994 238
229~254.

Selverstone J. Evidence for east—west crustal extension in the
Eastern Alps Implications for the unroofing history of the
Tauern window J . Tectonics 1988 7 87~105.
Ratschbacher L Friwsch W Linzer H—G et al. Lateral ex-

trusion in the Eastern Alps

1991 10 257~273.

Part 2 Structural Analysis J .
Tectonics

Andersen T B. Extensional tectonics in the Caledonides of

southern Norway an overview ] . Tectonophysics 1998
285 333~351.

Fossen H. Extensional tectonics in the Caledonides Synoro-
genic or postorogenic J Tectonics 2000 19 213~224.

Zorin Y A. Geodynamics of the western part of the Mongo-

lia—Okhotsk collisional belt ~ Trans—Baikal region  Russia

Mongolia J . Tectonophysics 1999 306 33~56.

Holm D K and Wernicke B. Black Mountain crustal section
Death Valley extended terrain California J . Geology 1990
18 520~523.

Doughty P T and Price R A. Tectonic evolution of the
Priest River complex northern Idaho and Washington A
reappraisal of the Newport fault with new insights on meta-
morphic core complex formation ] . Tectonics 1999 18
375~393.

Parrish R- R Carr S D and Parkinson D L. Eocene exten-

sional tectonics and geochronology of the southern Omineca



192 GEOLOGICAL BULLETIN OF CHINA 2002

belt British Columbia and Washington J . Tectonics 1988 evolution of the Yanshan fold and thrust belt with emphasis
7 181~212. on Hebei and Liaoning provinces northern China. In Hen-
42 Hill EJ Baldwin S L and Lister G S. Unroofing of active drix M. S and Davis G. A. eds. Paleozoic and Mesozoic
metamorphic core complexes in the D Entrecasteau Islands tectonic evolution of central and eastern Asia — from conti-
Papua New Guinea J . Geology 1992 20 907~910. nental assembly to intracontinental deformation J . Geol. Soc.
43 Abers G A Mutter C Z and Fang J. Shallow dips of normal America Memoir 2001  194.
faults during rapid extension Earthquaks in the Woodlark— 46 Coney P J and Harms T A. Cordilleran metamorphic core
D’Entrecasteaux rift system Papua New Guinea J . J. Geo- complexes Cenozoic extensional relics of Mesozoic compres-
phys. Research 1997 102 15301~15317. sion J . Geology 1984 12 550~554.
44 Darby B J Davis G A and Zheng Y. Evolving geometry of 47 Dewey ] F. Extensional collapse of orogens. Tectonics 1988
the Hohhot metamorphic core complex Inner Mongolia 7 1123~1139.
China J . Geol. Soc. America Abstracts with Programs 2001 48 Cook F A. The reflection Moho beneath the southern Cana-
333 A~32 dian Cordillera. Canandian Jour J . Earth Sciences 1995
45 Davis G A Zheng Y Wang C et al. Mesozoic tectonic 32 1520~1530.

Metamorphic core complexes Definition types and tectonic setting
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Abstract The essential characteristics of extensional metamorphic core complexes mcc’s include a the
presence of a master low—to moderate—dipping detachment faults with large displacement  several tens of
kilometers and regional to subregional extent b a lower plate footwall of fault—related mylonitic schists
and gneisses and deeper non—mylonitic crystalline rocks that may or may not be exposed and ¢ an up-
per plate hanging wall of upper crustal basement rocks and/or supracrustal strata. The critical aspect of all
mcc’s 1s that they are the result of major crustal extension and crustal excisement omission along master
detachment faults that place deep >10—15km crustal rocks beneath supracrustal strata and/or their under-
lying basement. Domed basement—cored complexes that lack major omission of crustal section are not in
the writer’s opinion mecc’s in the generally accepted tectonic definition.

Mcc’s form in a wide variety of tectonic environments both syn— and post—contractional. All appear
to have developed in regions of crustal overthickening due to prior or synchronous contraction and by far
most but apparently not all mecc’s have close spatial and temporal relationships to magmatism. Their con-
trolling detachment faults most commonly root into the mid—crust at depths within or just below the brit-
tle—ductile transition where quartz becomes crystal—plastic ~ but some faults cut across most or all of the
crust. The majority of mcc’s have overall tectonic geometries of asymmetric or simple shear  but some
other complexes have more symmetrical development of bounding detachment faults.
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