16 3 Vol 16 No 3
2001 6 ADVANCE N EARTH SCIENCES Jun , 2001

: 1001-8166(2001) 03-0324-08

( , 100029)

. P5;, P54 A

(Tectonic Dynamics of
Fluids)

: 2000-02-23, : 2000-12-11.
* : “ " ( : 49802021)
(1966-),
E-mail: caixp@igcas igcas ac cn
© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



325

2
(pressure solution)
(1] i
(2.3]
s (pressure-olution creep)
(olution-transfer creep)  Shimizu'®
, 150 250 350
10— 9 13 10— 8 11 10- 7 11
4
(1) 1 1
m, (channelw ays)
(8]
(2) ,
: (stress
corrosion) :
o (1996)
) 4%
109gn' 2[12]
(3) :
( Ca-
), Tobisch '
) SO. CaO FeO Fe Sr
, NaO KO Fe&O MO )
(4)
Ledru @
Roddy ¥ (A ri-
zona) Harcuvar (K-

m etasom ation) ,

[15]

N ev ton
( )

, (granulite-faciesmetamor-
phisn) (shear zone alkaline
granites) - - (car-
bonatite-lamprophyre -syenite complexes)

( )
L osh!*® (N evada)
(Snake Range) (detachment) M omon
Peak ,
(60 %o) :
1700 11 000 kg/am?
3
(1) Hub-
bert [
G;
( ) 1 1
[18 30] (f|U‘
idizatation) ! (phreatom agm atic
explosions) % (explosions
induced by energy release ) *
(fluids double-fracturing) ***
(
) Fyfe [
Davies "

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



326 16
(2
[38,39] , [40] ,
, (1) ,
[a1]
(3) Hub- Beach'" Soourie
bert Rubey(1959) ,
, Hamm er®!
21 Hobbd ™! N ew land
( ) : N aO
y SOZ ) [
Rutter! , S0: Ru-
bie!™ ,
, 20 500 B
(Carrara) , , ,
Solnhofen , (501 (51
, (2
Bell® W oodreffe
(4 ,
[45)
(151 , B2 Tullis
(5) Y und (1980) ,
, Atkinon
, OH * M ackwell Pa
Burn- teron (1985) , 800 1000
ham (1980) 1 000M Pa OH * :
, 2 % 2 km U rait® ,
, 50%,
kPa, 11 M ueller ' : , ,
, Urai (rock salt)
9 0an’/mol 2 5an’®/mol (w eakening)
(6) (clinopyroxenite)
[56 59]
[48], 90% [56]
[34, 35]
. — (
) , 1991.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



3 : 327

(hydrolyticw eakening) Si- O- Si ,
(56]
(4H) Si ©OH) ,
Borradaile '™
, e :
e , 5
[60]
4 )
(1) “
( 113 n) ”
( t
),
' (2
' (38]
(3
[61 73]
4 : ! [74 76]
H ( )1 '
) 1999 8 UUG
, ’ (M agma fragmentation and
, , , ( ) : , 1996. 187-197.
; ! . 1986 1-89.
tze] , ( ). 1999 24-38.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



328

16

explosive eruptive flow s)

(

(fragmentation)

(1]

[2]

[3l

)

1999 ,

(4)
()

[77]

(References):

Ramsay J G Pressure olution—the field data [J]. Journal of
Geological Society, 1977, 134: 72

Durney D W. Early theories and hypothese on pressure-olu-
tion-redeposition [J]. Geology, 1978, 6: 369-372

PatersonM S A theory for granular flow accommodated by

material transfer via an intergranular fluid [J]. Tectono-

[4]

[5]

(6]

[7]

[8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

physics, 1995, 245: 135-151
Beach A. Retragressive metamorphic processes in shear zones
w ith gecial referrence to the L ewisian complex [J]. Journal
of Structural Geology, 1980, 2(1-2): 257-263
Cox SF, EtheridgeM A. Couple grain-scale dilatancy and
mass transfer during deformation at high fluid pressure: exan-
ples from M ount Lyal, Tasnania [J]. Journal of Structural
Geology, 1989, 11: 147-162
Shimizu | Kineticsof pressure olution creep in quartz theo-
retical considerations [J]. Tectonophysics, 1995, 245. 121-
134
Xie Xinong, L i Sitian Fluid flow and dynamic model in fault
zones [J]. Earth Science Frontier, 1996, 3(3): 145-151 [

, . 31 ,
1996, 3(3): 145-151 ]
L edru P, Autran A. Relationships betw een fluia circulation,
ore deposition, and shear zones new evidence from the Salau
Scheelite deposit (French Pyrences) [J]. Economic Geology,
1987, 82: 224-229
A tkinonB K. Stress corrosion and the rate-dependent tensile
failure of a fine-grained quarz rock [J]
1980, 65: 281-29Q

T ectonophysics,

Knipe R 1 The interaction of deformation and metamorphisn
in slates [J]. Tectonophysics, 1981, 78: 249-272

BurgJ P, LeonM | PD. Pressure-lution structures in a
granite [J]. Journal of Structural Geology, 1985, 7(3):

431-436

FyfeW S, Kerrick R. Fluids and thrusting [J]. Chamical
Geology , 1985, 49: 353-362
TobischO T, BartonM D, Vernon R H, et al Fluid-en-

hanced deformation: transformation of granitoids to banded
mylonites, western Sierra N evada, California, and south-
eastern A ustralia [J]. Journal of Structural Geology, 1991,
13(10): 1137-1 156

Roddy M, ReynoldsS, SnithB, etal K-metasomatisn and
detachment-related mineralization, Harcavar M ountains,
Arizona [J] Geological Society of AmericaBulletin, 1988,
100: 1 627-1 639

Nevton R C. Fluids and shear zones in the deep crust [J].
Tectonophysics, 1990, 182: 21-37

Losh S Stable isotope and modeling studies of fluid-rock in-
teraction associated w ith the Snake Range andM omon Peak
detachment faults, N evada [J]. Geological Society of Ameri-
caBulletin , 1997, 109(3): 300-323

HubbertM K, RubeyW W. Roles of fluid pressure in me-
chanics of overthrust fulting [J]. AA PGBulletin, 1959, 70:
167-206
BryantD G Intrusive breccias asociated w ith ore, W arren
(Bisbee) M ining District, A rizona [J]. Economic Geology,
1968, 63(1): 1-12

L lanbias E J, M alviciniL. Geology and genesisof theBi-Cu
mineralized brecciapipe, San Francisco de Los A ndes, San

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



329

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Juan, A rgentina[J]. Economic Geology, 1969, 64 (3): 271-
286

Norton D L, CathlesL M. Breccia pipes, products of ex-
wlved vapor from magmas [J]. Economic Geology, 1973,
68(3): 540-546

Sharp J E Cave Peak, a molybdenum-mineralized breccia
pipe complex in Culberson County, Texas[J]. Economic
Geology and theBulletin of the Society of Economic Geolo-
gists, 1979, 74(3): 517-534

NomanD |, SavkinsFJ The tribag brecciapipes Precam-
brian CuM o deposits, Batchavana Bay, Ontario[J].
nomic Geology, 1985, 80(5): 1 593-1 621

Eco-

Silitoe R H. Ore-related breccias in volcanoplutonic areas
[J] Economic Geology , 1985, 80(5): 1 467-1 514

Barker EM, Andrev A S Geologic, Fluid Inclusion, and
Stable Istope studies of the Gold-Bearing Breccia Pipe at
Kidston, Queensland, Australia[J]
1991, 86: 810-83Q

Economic Geology,

L i Shengyuan Characteristics and origin of the Gengzhuang
subvolcanogene hydrothemal gold deposit [J]. Geology and
Prospecting, 1988, 24(5): 1-7 [
[J] ,1988,24(5): 1-7. ]
Zhang Zengfeng General features and genetic mechanisn of
crypto-explosive breccias[J]. Geological Science and Tech-
nology Information, 1991, 10(4): 1-5 [
[J] , 1991, 10(4): 1-
5]
Zhang Hongtao, Rui Zongyao. On the genetic classification
of mineralized breccias related to porphyry deposits and its
geological significance [J]. M ineral Deposits, 1991, 10(3):
265-271 | ,
[J] , 1991, 10(3): 265-
271 ]
Xu Xingwang, Sun L igian, L ei W eizhi, et al Structural
characteristics, petrogenesis and mineralization of the mas-
sive polymetal deposits in Baiyin, Gansu Province, China
[J]. Journal of Geomechanics, 1996, 2: 85-94
Xu Xingwang, Cai Xingpin, Zhang Baolin, et al Tectonic
function and mineralization of fluids [J]. M ineral D eposits,
1998, 7(Sup): 1 067-1 070 [ , , ,
[J] , 1998, 7 (sup. ): 1 067-
1070 ]
Xu Xingwang, Caixinping, Qin Dajun, et al Tectonic dy-
nanic process of ore-foming fluids in the breccia pipe,
Q ibaoshan, Shangdong [J]. Gold Geology, 1999, 5(3): 19-
27 [ , , )
[J] , 1999, 5
(3): 19-27 ]
Reynolds D. Fluidization as a geological process, and its
bearing on the problem of intrusive granites [J]. American
Journal Sciences, 1954, 252: 577-613

[32] WolfeJA. Fluidization versus phreatomagmatic explosions
© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

in brecciapipes [J]. Economic Geology, 1980, 75(7): 1 105-
1108

Burnhan CW. Energy release in subvolcanic envirorments
mplications for breccia fomation [J].
1985, 80: 1 515-1 522

Economic Geology,

[J] (O ), 2000, 30(1):
47-52
Xu Xingwang, CaiXinping, QinDajun, etal Fluidsdouble-
fracturing genetic mechanisn and mineralization of gold-cop-
per of the breccia pipe at Q ibaoshan in Shandong Province
[J] Chinese Sciencia (D), 2000, 30(2): 113-121
FyfeWw S, PriceN J, ThompsonA B. Fluids in the Earth’'s
Crust [M ]. Amsterdan: Elsevier Scientific Publihing Com-
pany, 1978 1-363
DaviesJB, A rchanbeau CB. A nalysisof high-pressure fluid
flow in fracturesw ith gpplication to YuccaM ountain , N eva-
da, slug test data [J]. Tectonophysics, 1997, 277: 83-98
Zheng Y, Wang Y, LiuR, etal Sliding-thrusting tectonics
caused by themal uplift in the Yunmeng M ountains, Beik-
ing, China [J]. Journal of Structural Geology, 1988, 10(2):
135-144
M a Changgian Themagma-dynamic mechanisn of emplace-
ment and compositional zonation of the Zhoukoudian stock,
Beijing[J]. A cta Geologica Sinica, 1988, 62(4): 329-341
[

[J] , 1988, 62(4): 329-341 ]
Qian W eihong The motion of the Earth interior liquid and
Earth Science Frontier, 1996, 3(3):
152-16Q [ . [J]
, 1996, 3(3): 152-16Q ]

Sun Xiong, M a Zongjin, Hong Hanzhing Prelminary dis-

global tectonics [J].

cussion on " Structure fluid dynamics" [J]. Earth Science
Frontier, 1996, 3(3): 138-144 [ , ,
“ "3 , 1996, 3(3): 138-144 ]
M eissner K, Wever R. The possible role of fluids for the
structuring of the continental crust [J]. Earth Science Re-
view s, 1992, 32: 19-32
HobbsB E The influence of metanorphic envirorment up
the deformation of minerals [J]. Tectonophysics, 1981, 78:
335-383
Rutter EH. The influence of temperature, strain rate and in-
terstitial water in the experimental deformation of calcite
rocks [J]. Tectonophysics, 1974, 22: 311-334
W intsch R P, Christoffersen R, Kronenberg A K. Fluid-
rock reaction weakening of fault zone [J]. Journal of Geo-
physical Reaserch, 1995, 100(7): 13 021-13 032
Open L aboratory of O reD eposit Geochemistry, CAS Ore
Deposit Geochemistry [M ].
House, 1997 1-29 [
M 1 , 1997 1-29 ]
M ueller R F, Saxena S K. Chemical Petrology [M ]. New

Beijing: Geological Publishing



330

16

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[ 60]

[61]

[62]

York: Springer-V erlag, 1977. 29-33

Chen Yong, W u Xiaodong, Zhang Fugin Themal fracture
experiment [J]. 1999, 44: 880-
883 [ , , . [J] ,
1999, 44: 880-883 ]

Hammer SK. Segregation bands in plagioclase: non-dilation-

Chinese Sciences Bulletin,

al quartz veins formed by strain enhanced diffusion [J].
Tectonophysics, 1981, 79: T53-T61

RubieD C. Reaction-enhanced ductility: the roleof solid-l-
id univariant reactions in deformation of the crust and mantle
[J]. Tectonophysics, 1983, 96: 331-352

Xu Xingvang, L iDongxu M etamorphic and cataclastic
granularization of mineral in ductile shear zone and classif ica-
tion of mylonites in the Huairou area, Beijing[A ]. In: Tec-
tonics Symposium A bstracts[C]. 1994 140-141 [ ,

[A]
[C] 1994 140-141 ]
Bell T H. The deformation and recrystallization of biotite in
the WOODREFFE thrust mylonite zone [J ]
physics, 1979, 58 139-158
A tkinon B K, M eredith P G Stress corosion cracking of

T ectono-

quartz a note on the influence of chemical environrment [J].
Tectonophysics, 1981, 77: T1-T11

UraiJL. W ater-enhanced dynamic recrystallization and lu-
tion transfer in expementally deformed carnallite [J ]
Tectonophysics, 1985, 120: 285-317.

UraiJL, SiersCJ, ZwartH J, et al. W eakening of rock
salt by water during long-tem creep [J]. Nature, 1986,
324: 554-557.

GriggsD T, BlacicJD. Quartz anomalousw eaknessof syn-
thetic crystals [J]. Science, 1965, 147: 292-295

GriggsD T. Hydrolytic weakening of quartz and other sili-
cates [J] GeophysJR A stron Soc, 1967 , 14: 19-31
Blacic JD. Effect of water on thevexperimental deformation
of olivine[J]. Am GeophysU nion, GeophysM onogr, 1972,
16: 109-115

Boland JN, TullisT E Deformation behavior of wet and dry
clinopyroxenite in the brittle toductile transition region[A 1.
In: Hobbs Heard, ed Geophysical M onogrgph 36, M ineral
and rock deformation: L aboratory studies, the PatersonV ol-
ume[C]. American Geophysical U noin, W ashington, D C,
1986. 35-49

Borradail C J, M carthur J Experimental calcite fabric in a
synthetic w eaker aggregate by coaxial and non-coaxial defor-
mation [J]. Journal of Structural Geology, 1990, 12(3):
351-363

Freundt A, RosiM. From M agma to TephraiM odelling
Physical Processes of ExplosiveV olcanic Eruptions[Z]. EL -
SEV IER, 1999 1-334

WoodsA, Spark S, Connor C, etal A M odel of the Interac-
tion of a Fissure Eruption with a Horizonal Tunnel[Z] |-

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

UGG 99, bimingham, abstracts, 1999 B169

HillB, Connor C, Doubike P. Constraintson Shallow Basal-
ic Subvolcanic Conduit Dimensions[Z]. U GG 99, biming-
han, abstracts, 1999 B169

ToranaruA. Themodynamic and Kinrtic Consideration of
M agma Fragmentation as a Rarefaction Shock W ave[Z]. I-
UGG 99, biminghan, abstracts, 1999,B167.

M elnik O, SparksS The Influence of Fragmentation Criteri-
on on Explosive Flow Dynancs in H igh-viscous Gas-saturat-
edM agamas[Z] MU GG 99, abstracts, 1999, B167.
Zmanow ki B, Buettner R, Caffier | The A sh Problen:
HydrodynamicV ersusBrittle Fragnentation[Z]. U GG 99,
Bimingham, abstracts, 1999, B167.

Dellino P, VolpeL L. Contrasting Fragnentation and T rans-
portation Dynamics in theA gnanoM onte Spina eruption (4 1
KA ) at Phlegrean field (southern ltaly) [Z] UGG 99,
bimingham, abstracts, 1999, B167.

Buettner R, Zmanow skiB, Roeder H. M onitoring of M agma
Fragmentation by Electrical Field M easurements[Z]. U GG
99, Bimingham, abstracts, 1999,B168

Ryang GA, L ane SJ, PhillipsJC Fragmentation Behaviour
of aL aboratory A nalogue to ExplosiveM agmatic Flow s[Z].
U GG 99, Bimingham, abstracts, 1999,B 167.

Taddeucci J, Wohletz K. M agna Fragnentation during the
Plinian Phase of theM inoan Eruption (Santorini, Greece),
as Inferred by D eposit Features and Pyroclast Textures[Z].
U GG 99, Bimingham, abstracts, 1992 B17Q

Ongaro T E, NeriA. Flow Patternsof Overpressured vol-
canic jets[Z] MGG 99, Biminghan, abstracts, 1999
B171

W ada Y. Five Parallel Brecciated Felsic D ikes, Observed at
Central K1l Peninsula, SV Japan[Z] MU GG 99, Biming-
han, abstracts, 1999, B172

Pgpale P Strain-induced magma fragmentation and Non-e-
quilibrium Flow Dynanics in Volcanic Conduits[Z]. U GG
99, Biminghan, abstracts, 1992 B172

Colgate SA, Sigurgeison T. Dynamic mixing of water and
lava [J]. Nature, 1973, 224: 252-255

Boulter CA, WiltonV M, CoxD J, etal M agnaw et-sedi-
ment interaction: The most widespread yet least recognized
alteration system in the Iberian pyrit belt [A ]. In: Stanley C
J, et al, eds M ineral Deposits Processes to Processing
(volumel) [C]. London: A. A. BALKBEM A, 1999 483-486
Skilling | BasalticM agma Fragmentation M echanisn sw ith-
in Muddy to Sandy Wet Sediments A Textural Study of
Peperite from w elgesien, South A frica[Z]. U GG 99, bim-
ingham, abstracts, 1999 B1679

Xu Xing-wang, CaiXinping, L iang Guanghe, et al Detailed
prediction on position, shape and size of concealed ore-bear-
ing breccia pipes in the subvolcanic complex in Q ibaoshan
area, Shangdong [J]. Gold Science and technology, 1999, 7
(2): 918 [ , , ,

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



3 : 331

1 ,1999,7(2): 9-18 ]

TECTONIC DY NAM ICSOF FLUIDSAND ITSADVANCE

XU Xingwang, CA I Xin-ping, WAN G Jie,

ZHAN G Bao-lin, L AN G Guang-he
(Institute o Geology and Gemphysics, CA'S, B eijing 100029, China)

Abstract: Fluids are mportant participators and organizers of tectonic processes, such asplate move-
ment, orogenesis, and folding and fracturing of rocks, in geological history and now. Itisatime to set up
a correponding subject— tectonic dynam icsof fluids’ to improve the study on tectonicsof fluids

T ectonic dynamics is a new interdisciplinary frontier betw een fluid geology and structural geology. It
mainly focuseson structures and tectonic dynam ics induced by fluid motion, physical conditions (such as
temperature and pressure) and their variation of fluids, and interaction betw een chem ical component of flu-
idsand wall rocks in the crust It takes features of deformation and metanorphisn, which formed during
interaction betw een fluids and rocks and have been preserved in rocks, as basic research objects A fter
studying types, orders, distributions and fabricsof these features, and analyzing and testing physical and
chamical information from these features by some techniques, it is intended to reconstruct moving process
of fluids, dynamicsof interaction betw een fluids and rocks, and dynam icsof mineralization T he research
actualities, such as relationship betw een fluids and tectonics, tectonic pattern of fluids, and fluidogenous
tectonics, have been revieved, and some advances have been introduced and discussed here

Key words Fluids Tectonics Tectonic dynanics T ectonics dynamics of fluid
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