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Fig. 1 Geologic sketch map of Gupuoshan-Huashan pluton and its vicinities
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1—Contact; 2—unconformity; 3—reverse faults/faults; 4—strike and dip of bedding; C—arboniferous; D—Devonian; &€ —Cambrian;
7Z—Sinian; Hm—Huamei unit; Bs— Baishuidai unit; X/—Xinlu unit; Wg—Wanggao unit; Ls—Lisong unit; Ym— Yangmeishan single

intrusion; Nm—Niumiao single intrusion; G/—Guiling unit; Yn— Yangniuping unit. See the text for petrographic explanation of each

unit
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Fig. 2 Typical strain markers and emplacement deformation structures
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(a)—Shape-preferred orientation of dioritic enclaves in Lisong unit (location: Xiangtianchong of Lisong Township, Hezhou City) ;

(b) —photomicrograph of lenticular silica aggregates in the thermal contact metamorphic country rocks (location: Changping of

Kaishan Township, Hezhou City);

(¢)—shape-preferred orientation of marble augens in marbleized limestone (location:

Baimianshan of Xinlu Township, Hezhou City); (d)—folded syndeformational granite dike cross-cutting dioritic enclave in Lisong

Unit (location: Tangwu of Lisong Township, Hezhou City)
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5—representative strain profile line. See Figure 1 for explanation of map unit symbols for sedimentary and igneous rocks
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stresses. See Figure 1 for explanation of map unit symbols for sedimentary and igneous rocks

AN 15257 Fi £z i) 7] 4 14 Ma, i 2 %0 3 1 28 96 (5§
MW7 AR AN R AL FELL BT AL 3 Ma (R 491 45
20063 )+ 30 F G R B A UR A T B P
RHZ VRO TT 42 14 ~18 Ma (G 7k &
25,1995,1997) . P I, Bl 22 I -A8 11 A8 i a B % £
A BT 5 TR 43 A7 BREIR A CAn DA K A R R
ABE 5 T BT AT L AR R AR EIRHIT
AR A K A F RS TR W e T
5 BLT0 Ry BUA R A7 25 0] = 3 g Ak K% 30 B e i 22 i
B TC I K B R AR BT 7™ A i i A R L8 . i 2
LL-78 LL 8 1) 25 55 3 R il R i A R U S L SR B
FR) IO A8 R A S — B

(2) FAH fioh 72 o Bl DA J A8 T Ry = JHL g A 3y
JIE K F A ELAF AR B S8 0% o7 A8 66 32 B0 1] 42 fi 1
7 T AR R 0 LA R A O A AR S AF
DX S A8 1 1 SE Ak b e TR SR B
KRB Ty . BT E 3R AL HE B, $A32 fih 48 T
L AN 2 3 7 5 B RN S5 0 AR TR L T e Rk R R
4 0 A8 5 B L AL AR e A e m  HoR A E R E
RIS Bl A 5 B0 i) A fid A2 BT R R
b, i 1B A g Tt — 22 55 fk A A TR M
HEAT o T 5 T e AT R AR SR B L 4l R AR 1L 4E
B R G A A ik A o L 5 55 AN [R) Y g AR
RRAE 2 A flAT] S AR 38 32 T S S8 1 R AR A B

FERT. MNIXIRY 3 15 50 E Wi 2 146 1 A6 1 E B A&
BT R T TR 1) A A AR L -4 e R R
BEL1994) BRI L8R 5 2 0 T 1) AR 1 2R U5 2 5K
BRI R T R B AR . A S R
Ve 4 72 A e 255 by AR 5L )2 (8] ) 1 i 3l R i
T2 R A i B . PR A A R Bid
P ST R U2 (148 3 R G 1) B e L v 2 ]
AT T B 1) i 2 s R 1 2 .l 2 L4 L
16 i< 7 B R A 3 X T g 5 U PR 1Y Sant Cruz
TEAUH K (Castro, 1986) M1 25 8.t T 2 5L w5 11l il
FrBRAE T I B RS I AT AL I 2 1 R AR Y
2R A R A R BLAR VR TR UL B TR R
Fb AU 00 L5 58 2 2 3 14 1 A

(3) A T i B 176 111 78 i 1 3 B H e
fih 725 5 B 4 %) o7 728 B8 B () L 7K S T 9 7 7258 5 1] %y
(/D BIAJEAR K oo i AR 58 B2 AR T 3 LT (R
AL TR AR K E AR (5 BT, 1994) L 1 55 74 JEE 9% FF
it v s el R R R CE VAN CIR iR R NN
(Lagarde et al. ,1990) Fl & 1l 5 B9 4 1L JE & 44 &%
L A (S BT 1994) KAARKH 24, B it 1) 2 55— v 45
V7 AR 5

CA) T 8 L A 1L A8 o i B L I il A% I P 2
(1 1 78 T RRAE R W] A K 2 R ks =2 AL R s
BB S A 1 2 5 R 30 5 o0 (B0 7 =



54

P Ah g A L T e TR A A AR LR

e oo AR fh 78 T FBL 2 19 2 78 R R, 78 3 A 539

A B H AR o 722 ot [ o 2 3l 2 1 e AR 1) £ I
PR ] B o A4 i 5 1 A G 43 o A% T 1% 7 B0 B D0 4
Mo Hh Az Y AR R AAOR A T & AR AL F b
f 3= Bl KA S O A 5 PR 0 L PN 7 A R AN [
() 46 38, Ry KA A s (8] 1 T R A T — 5 1Y 0T
Rk 5 T BT Bl 9 7 0 BT DA A R BE R =R R A TR
A7 4 fuh 5 T RGPS K T BLAE T

(5) B 22 L1 FIAE LU PR AE B 2 IR 22 T 1 4t 2 7
PR LARL A B 78 oAy S, LN 78 A (B il A o7 7 AR R
AP 32 7 AR il R A v L . X BB RRAE R ] R AE |
R ALY S RN E K T A LA L
WAL 1 e 1A 20 750 %) W 2R o A A A5 300 1) 7 A T B 1)
JI 7 e i 5 | LUE B R 07 SR LAY . A B T E
W JZ BT 75 S A 3 S )R L R 7 A B iR R
TR AR L 75 Bl P9 E W 5 DDA 1 A B R AL Y A
PR IEAEE UL, 40T BT 435 Ma Hij 256 P Al e 5 Rk
DA Bl 45 i 3 1L R R B B 1 b B R 22 2 IR
b i) Ardara 5 & (Pitcher et al. ,1972; Holder,
1979 ; Hutton, 1982b) H1 74 PE 8 #¢ 7Y & (L 47 1
Plasenzuela 714 (Castro, 1986 ;Castro et al. ,1998)
. A R R LR L AR X AR Z
“H R R RE St A R e R AR B R TR S
RALTT G o 12 AR A A8 3 A 30 1 HE TG 7 & 4l 25 10 -4E
L 48 B o B 7T BE 2 TE BT A7 7E il 9 E 3 55 D04 5T Y
DX B R 3 PR3 T o R SR GE O U0 R 3 O R 2 4 ]
AR A b B AL R R

B 20 A R R R AR SCHR Y BB
MU

& % x #

FERR VR 1994, o [ X4 ST ME 36 . b 5 3 0 A WA L 448 ~476.

TG AR 1996, HE AR S R UE IR A K I R AR I A 5 R AR
fE. KU 3 5 BB "% . 20(2) : 172~183.

AR R 0 AR AR L 2 e XK. 2002, 38 ) AR F Hh AR AE

B S8 A AR A LU LR L AE B e AR . R A T

BRI, 22(3) 1333~ 340,

B T B B IR RE, 7 . 1991 BRI IX 15 5

DR 355 b I 35 P i 6 . L < P ] R R 2 S AR A 68~ 93,

B L AR A R, AR SC. 2006a. I G i 22 1 AE B A B BORL 4 A LA-
ICP-MS U-Pb & 4F J 42 4 Sr-Nd [7] iz 3 #F 58, 3 5% 4l . 84
(4): 544~553.

JB R S AT R L AR SC. 2006, )T A6 1l — B B 11 3 1L 9T A8 A
HOERAL A2 RRAE B R BIE 5. A0 2 2 i, 25(2) : 97~109.
iU 2 L AR AR L A SC. 2007, T P B 8 — KA ILES B 1 Y G PR R

PR B .26 (3) :265~276.
HER T 1986, BB LTI AL W 2 A& CE A ) 1Y 3] 43 Js W R F 55 7

EES

. o DX T, 5(3) :193~303.

2RI L TR X SOl KT L 1996, RUEL LI K B AR R 3 B G40 BT
FAZ LB . Hb 5T )24 24 . 2(2) : 55~65.

E T AGHOG, DA 2L 1994, (B AR B R ¥ —
W5 1 BCER R AE B9 S AT B v ] R K 2 AR L, 134~
167.

WK BH BLHT . 2002, )7 79 3l 22 L 2 A 4 A5 40 e 2 AR A5z BIL ) BFF 9. K Ay
T 5 R, 26(3) :331~334.

BRGF %, LAFL. 1985, 45 BR N A8 1 — Bl i 3 7 vk B R F. b Jo
1R, (3):94~124.

KRG, TERE . FBRE. 2001, W ILTE 4 5 VU FE 2008 5 AL &
SFRAE. TV HL R . 14(2) 1 1~6.

W4 A 2L 1989, TR TS5 ML 7E i S5 A4 3 e AT v 0 0 L R
o [ b BT R A A L 117~ 149,

F AP SR RS A BB . 1992, BOREAE B 2 25 4 1A i R AL
PRI 4 5T 2 B 4, 12(3) 1235~ 241,

T, B AR UK T, ERAt. 2007, 76 14 45 44 385 BF 58 S 76
) J) 2 AU AR L 42(1D) (91~ 113.

W3, R0 S ARAE L A& 2006, )7 PG & 22 11 LA A8 B A P I K
R, AR (1 b 3k A 2 R IE B L TR B R R A AR L 12(3)
310~318.

T ZE SR, 1981, i e (L HLAAAE B4 2 1A SR T 28 1 Wk 2 B FL T L L 1 14
TRVT. B ARIR 4 2 BE 2 R, 11D 2 1~13.

K 2 35 AR 1990 b B LB i DA 2 R 00 42 067 A8 T] A 1 <
BRI R AL ALE . DL - 3k 5 L 5 3O3R G bt 7 D Hb B
€. B s o Ml T R A A L 48 ~63.

AR 8 A AL 1985, 2 A KRR A5 T 45k K Bk B VA, b 5T .t iR
R A . 89~102.

K 6 A 3B VK. 1995, RO M IE R R 5 0 K &
[0 2 UEH . B 2F 4R . 69(4) : 337~348.

A KB A, TG 1997, K Jg 1l 5 PR v #H) st K HL R % R Y [A]
PR BT, M RF4% . 32(4) :465~476.

R WA BRI A 5 BB . 2005, H AR A A I TN K 5 ]

ORI AR . 21(3) 1 665~676.

KAV KA A E TR 0. 2006a. R U4 PG BB 1L — 4 %5 1
RAE A U-Ph 45 18 M 8 % 578 3L A %R, 22(9)
2270~2278.

KB IR AR R 5. 2006b. A AL HLRA 4K (<) 2 g
G RIR AR R A2, 35(5) :506~516.

KAV IR A KM A% K. 2006c. R I PG BLAE 1L — 4 %1
A BULE G 4 T < 2 CH R 27 RS A iR b T A 4R
80(4) :529~542.

Barriere M. 1977. Deformation associated with the Ploumanach
intrusive complex, Brittany. J. Geol. Soc. London, 134: 311
~324.

Berger A R, Pitcher W S, 1972. The structure in granitoid rocks: A
review on the granitic structure. In: Proceedings of the
Geologist’s Association, 81(Part 3): 421~461.

Castro A. 1986. Structural pattern and ascent model in the Central
Extremadura batholith, Hercynian belt, Spain. J. Struct.

Geol. , 8(6): 633~645.



540 Moo

¥

2009 4F

Castro A, Fernandez C. 1998. Granite intrusion by externally
induced growth and deformation of the magma reservoir, the
example of the Plasenzuela pluton, Spain. J. Struct. Geol. ,
20 1219~1228.

Donald Jr, Daridson D. 1983. Strain analysis of deformed granitic
rocks ( Helikian ), Muskoka Districts Ontario. Journal of
Structural Geology, 5(2): 181~195.

Dunnet D. 1969. A technique of finite strain analysis using elliptical
particles. Tectonophysics, 7(2); 117~136.

Flinn D. 1962. On folding during three-dimensional progressive
deformation. Geol. Soc. London Quart. , 118; 385~433.
Gendzwil D J, Stauffer R. 1981. Analysis of triaxial ellipsoids:
Their shapes, plane sections, and plane projections.

Mathematical Geology,13(2): 135~152.

Holder M T. 1979. An emplacement mechanism for post-tectonic
granites and its implications for their geochemical features. In:
Atherton M P, Tarney J, eds. Origin of Granite Batholiths—
Geochemical Criteria. Shiva Pub. Ltd, U.K.. 116~128.

Hutton D H W. 1982a. A method for the determination of the initial
shapes of deformed xenoliths in granitoids. Tectonophysics, 85
(3~4): 45~50.

Hutton D HW. 1982b. A tectonic model for the emplacement of the
Main Donegal granite, NW Ireland. J. Geol. Soc. Lond. , 139:
615~631.

Hutton D H W. 1988. Granite emplacement and tectonic controls:
inferences from deformation studies. Transactions of the Royal
Society of Edinburgh, Earth Sciences, 79: 245~255.

Kutty T S, Joy S. 1994. RFPHI—a program in turboc for the R;/¢
diagram method of two-dimensional strain analysis. Computers
&. Geosciences, 20(2); 247~263.

Lagarde J L, Omar S A, Roddaz B. 1990. Structural characteristics
of granitic plutons emplaced during weak regional deformation:
examples from Late Carboniferous plutons, Morocco. J.
Struct. Geol. , 12(7): 805~821.

Li Xianhua, Chung Sunlin, Zhou Hanwen. 2004. Jurassic intraplate
magmatism in southern Hunan — eastern Guangxi: *‘°Ar/’ Ar
dating, geochemistry, Sr-Nd isotopes and implications for the
tectonic evolution of SE China. Geol. Soc. London Spec.
Publ. , 226.:193~215.

Milton D M. 1980. Determination of the strain ellipsoid from
measurement on any three sections. Tectonophysics, 64: 19~
27.

Paterson S R,Fowler T K. 1993. Re-examining pluton emplacement

processes. Journal of Structural Geology, 15: 191~206.

Petford N, Cruden A, McCaffrey K, et al. 2000. Granite magma
formation, transport and emplacement in the Earth’s crust.
Nature, 408 669~673.

Petford N. 2003. Rheology of granitic magma during ascent and
employment. Annu. Rev. Earth Planet. Sci., 31: 399~427.

Pitcher W S, Berger A R. 1972. The geology of Donegal: A study
of granite emplacement and unroofing. London: Wiley
Interscience.

Pitcher W S. 1987. Granites and yet more granites forty years on.
Geol. Rund. . 76: 51~59.

Ramsay J G. 1967. Folding and Fracturing of Rocks. New York:
McGraw-Hill.

Ramsay ] G. 1981. Emplacement mechanics of the Chidamora
Batholith, Zimbabwe. J. Struct. Geol., 3: 93~105.

Ramsay J G. 1989. Emplacement kinematics of a granite diapir: the
Chindamora batholith, Zimbabwe. J. Struct. Geol. , 11: 191~
209.

Ramsay J G, Huber M 1. 1983. The Techniques of Modern
Structural Geology. Volume 1: Strain Analysis. London:
Academic Press.

Simancas J F, Zaldivar J G, Azor A. 2000. Three-dimensional shape
and emplacement of the Cardenchosa deformed pluton (Variscan
Orogen, southwestern Iberian Massif). J. Struct. Geol., 22:
489~503.

Spera F J. 1980. Aspects of magma transport. In: Hargraves R B,
ed. Physics of Magmatic Processes. New York: Princeton
University Press, 585.

Swanson S E. 1977. Relation of nucleation and crystal-growth rate
to the development of granitic textures. American Mineralogist,
62(9~10): 966~978.

Vernon R H, Johnson S E, Melis E A. 2004. Emplacement-related
microstructures in the margin of a deformed tonalite pluton: the
San José pluton, Baja California, México. Journal of Structural
Geology, 26: 1867 ~1884.

Wang T, Wang X, Li W P. 2000. Evaluation of multiple

emplacement mechanisms: the Huichizi granite pluton,
Qingling orogenic belt, central China. J. Struct. Geol., 22.
505~518.

Wellman H W. 1962. A graphical method for analyzing fossil
distortion caused by tectonic deformation. Geol. Mag. , 99. 348

~352.



54 LA S5 T U o AR AR 2 L -4 LA 1 o i T JFG A foh A I L ) IO 78 s A R 78 43 T 541
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Abstract

A systematic finite strain measurement using the R;/¢ method has been conducted throughout the
Guposhan-Huashan granitic batholith and its thermal contact metamorphic country rocks, for a total
number of 15000 strain markers at 153 field stations. The results show that: (1) the country rocks and
early emplaced intrusions and intrusive units such as the Niumiao and Yangmeishan intrusions, and Lisong
and Wanggao units are dominantly characterized by flattening strain, whereas the late emplaced Xinlu unit
by constrictional strain; (2) the mean strain intensities and compression rates of the batholith are less than
that of the country rocks. The older intrusions and intrusive units show higher mean strain intensities and
compression rates than the younger ones. There clearly exists a strain intensity gradient and compression
rate gradient within the country rocks so that both strain intensity and compression rate increase toward
the contact surface. The thermally metamorphosed country rocks of dominantly carbonates on the south
side of the batholith show higher compression rate than the thermally metamorphosed country rocks of
mainly clastic rocks on its north side; and (3) Within the country rocks, the long axes of strain ellipsoids,
measured adjacent to the batholith contact and at the border of each intrusive unit, are mostly parallel to
the contact surface. Their short strain axes mostly make nearly right angle with the contacts. In contrast,
the ellipsoids measured in the central area of each intrusive unit show no preferred orientation but a random
order. It is suggested that these strain characteristics and strain patterns were results of repeated strain
superposition caused by multi-pulse emplacements of granitic magmas, and that the prolonged, repeated
deformation of the country rocks and the early intrusive units was caused by magmatic internal force. It is
obvious that the deformation resulted from radial compression (or push) associated with the multi-pulse

magma ascent and emplacement.
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