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1.4 %RNES (quartz diorite);
facies); 3.fERI# (granite);
zone);

(fault);

6. A5 KBk fk (the strain ellipse);
Btk (strike and dip of bedding);
Ar. X5R (Archaean);

Mz. thé: 5 (Mesozoic);

JB OB A A s s

4. 481 R 4% (the boundary of facies zones);
7. %53 (foliation);
11.9434 (anticline);

10.1644 (syncline);

Pt. tHR (Proterozoic);
Q. %EPH%A (Quaternary)

Geological and structural sketch map of the Zhoukoudian intrusion body

2N S 1 2 3 248% (granodiorite and its three

5.8740#% (shear
8.45% (lineation); 9.3
12,518
Pz. 57 (Palaeozoic);

MBAERNKE (09), BE—RBABNSY, EREEAE-RBATL, FHERNER
BRORAEMRAELRRNRED. SRER, NZRAPR, KRS D%8:
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PRIAERKS (v6); HER: BRERRRKSE (ve) Mkl ERRERRNRKE
(vey), HEAHERRo

AT TIREEREIRSG 4 R IE, IR TEAESSTNE R, 24 T oRERETF
B(E 2). ZEALIRERTE REBNEAEHREE VA RTET RS, t EAME, R
LR TY MREAFRT L. AF1RET 1, SORTRURTRERNEESD,
B4 TR Ry a AR R N o

A2, 58 ZREANR A EZRKE B, 8 —R4ENa ZRKER Na, Ca,
Ti, Mn, Zr, Yb  Lu #2415 4050, KRB AR BUCT AR T XMKI LR,
Rk A E T EER RIS Ro

ME 2 Ba[G 3, HEREER G 2R L SEH R, RREBN AL, WERE
Ba#l 4y, @ Mg, Ca, Sc, Ti, Cr, Mn, Fe M1 Co, MIRIRAH, HhRAABMOER
(fm Na, Si), SREMLRAR,

= PRI RER AL i M JROIE 98

AR Ar (inflating diaprism), YIRS IRE I E F§ (ballooning), #: R
J. Bateman(1984)™ HU5E X, ¥R ES LENER, Nakh Rl EESRER, 5
ERER AR S R EMBEE N RS ANRAIE R, ZE R NEE L& kB R (0
R E(E 1):

L AN RERE  REBERRROHE,, ESEKBEHE, Mp R B HEE,

2. AN KB A CELEERO =M R & (BR -1), FE L, f# ok
ARFR BEROMEELIED . BT EESEEMERITIMEE, BTN E RERL
R EREo IR Z RIS, RLESHERREN XZEH (X>Y >2Z)
WA, RHENDTMEAEETERDR. RA R/ o "N 50 &4VH B AT
TPEA RN, B RN 35—55 MR EHk. RIE Ry/o RS, B fg
RO SRR T 1 efo WL, RS ER R AR B [0 5 B R B R SBAT s — IR M BHA TRk
iR %k , B2 48 S8 EE A HIAEHI N, R A5 B (R,) WP @y 1— 1.5, BiF B A4 B E3EY 5 1L
Lo HHMKEG (FERILE), R EHAHNEE,

3. S R VEIL IS LS, R AR AR b, RTT T — R IUE I D (| 1), fH—
AIVN BT MR (AR 1-2) o BB TRERY oo BEMRE ( RREBHERE, cREY
VIR E), sNe —fAh 25—30°, wi/NGEA 525 $HORLfu t B 4 BR B 4 1R (FE 52 4k B 00 B0 1
BRI/ RAME Tk 120, R 7 10 L E); KERSKZHTEsH(EK 1-3), 3¢
Fr 20 R A AR A SRR SRR (R 1-4) BIIW R TTEAL, #91R4 250m
YL E, %R EARERIE L.

4 HEET, REEERET T —ARTIFRRET HALUE A O RHIR T 5, B2
RS S Sk BT B A AR — R, B R, PR TR, LEE%; nES KR —
B HERE, PR S Bl b ma R ASE WL st

1) 2R 19865 BB A KN RH AIRERR. BRI RFBLHRTIFEH 5 2 H, 5 10—14 |,
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5. RN, Qb ak, WHEARE, AERK SR AKREHALFT.
6. BRI B ATE R N FRAIE OV R

=, FOER RS R A BLEE

R0 REE, BREEERRBARNEEFLE . BWRE, FEAUTHA:
HEEHS RS REEAH, MR ER, 575, AMEE R, 27RY; BERERN
AR E RSN ABIEBIERY: RIVFEMREL (Soret effect)™™ FR S AREE
2 WRPA T,

MR, AAEER, B RMEZRBANEARSNESR, NERMRSEE
EZRNERBRAT Yo BRBARNERER, RESRX LRELAE, HEENMRIE
S, MIEERF LR AL WA ERESRA W, KRDER, LR ERIERS
AR RAIGTERRALE MRS T b R0 Wi, SREARpibs =
HIE R E P, EEEMNERMEN RIS RRAGNEITIRER ST AF.

(—) BEREEHE - BREEOEEREFEXREILE

B R AN B RER 4 900°CY, ERHNEKEERIEROESAhEL G Bk
AR Fe-Ti EibW (B BELE, RESREKERRY (keS8
AEBHIHETE—AR), WEHN 0.2GPa i, 900°C BITER B RK B K ik M E
<Swt%UH, HEBEKE 2wt% , EFHRIISERS (F Do # Y. Bottinga %%
O By SR M B AR AR R (FEBR Vo = 21,12 X 10™°m®/mol™) 4 AR 4y
HEBEBE (0)o

3. C. Tlepcuxos UMM RIER, &KL Fktk, BI85 AU 2> 19 IR M
Arrheneius $883% R0 #ORA H. R. Shaw [ f %32 REE"NT BB ()0 2
B AR B0 B B FIT % 1,

— NG R T R R R BB Rk, BE BRI T 0. TR AR, WA
& BIRTRED, h B EIUA (Bingham body) HEAE"S, BT HE NN 7 77 24 40 5 2 % 60 I B
BREY, SR AT A B . Hit, BHZERRRE X SRNE I ETANEW. R
## H. R. Shaw™ i B E % Makaopuhi ZRFREWIFINLNL R, DZ A, R, Mc-
Birney ZWilpsE R, T REKREERN, TAERSE (LRERREET L
SRR AR ERRE (00) 2% 50— 120Nm™; &R ARE, BRBREAK; SEd
RESBERE, BREE HERY, BENERSE ()5 alERPR: 0= ke
(K, W AENHEROER) . WEREE, h~3 X 10Nm™?, fHBgEER kL~
10°Nm™, [ H. E. Huppert P E M &R EEMREKETNEESRESE A
M AR E, ZREREEL RS 100°C i, FHOREL 5% & 2wi%h HO
HITE R N = 32, FE 12 0.2GPa B, IAEARIREE AT 1100°CH7, 24 5 30 JR BELL i AE 48
1% 200°C i}, Bk S EARL/HTF 10%, F&, 00> 10°Nm™2Xx (0.10)%; Bl oo > 100Nm™2,

1) %4, 1978, X TAERRE AREE SR ERENT ERE—RDERBLRA GG Fl. HERM B
555 55 110—119 [, . :
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R1 ERESVUBREE IEITHER (9007C 1 0.26P2 £4TF)

Table 1 Magma composition and calculation of liquid densities and

viscosities at 900°C and 0.2GPa

MmN AENA FRAERKKE (FOORRERRKE (v6.)  ERRIENNR
fifetér(gzzd medium grained porphyritic g'ian;&;ﬁc;r(;}?;)ritic
quartz diorite quartz diorite granodiorite granodiorite

Si0, 59.79 60.11 63.23 63.88
TiO, 0.79 0.78 0.70 0.67
Al O, 16.14 16.15 15.90 15.75
Fe,O, 2.37 2.31 2.13 1.84
FeO 3.59 3.54 2.77 2.53
MnO 0.10 0.09 0.07 0.06
MgO 2.54 2.53 1.78 1.60
Ca0 4.96 4.60 4.07 3.50
Na,0 4.32 4.18 4.61 4,57
K,O 3.39 3.71 3.65 3.60
H,0 2.00 2.00 2.00 2.00
RF (Total) 99.99 100.0 100.00 100.00
0(10%kgm™*) 2.45 2.42 2.39 2.38
7(Pa-s) 11476 14883 32941 59278

FIFTL 40 FIE (Rayleigh number) R,, FTLL T RERENAENRE e SEE
ARORMFEERAY: R,=ap- g+ AT+ L’/ £, KB, LAEEKITEE AIEE
IRA®RERRE), ATAEBLNNEEZFIAERPLELENEERE), ¢ X
BIRA, s ORI BE, 1 0 EREE, e T 2 DRV ERFEME HINEE(9.8ms™2),
itk hERER, RE R, > 1700, AER SR EXFH; R. L Hill (1984) AN, AL
BENBNEEE, R, =10, B c=5X 107°K™, £~ 5 X 107ms 108, 2k
B2 L=~7m, FIAAOEEERIER (v6,) BUKE (32941Pa-s) RMIFE (2.39%
10°%kg - m™) HE, YEEATH 50K K, R, FEFRE 107 BUIAF KN, M0 EXER
HIE R, REERTREZE R /N T 50K, BIGEHA K2 (4 3.5km) fE L, EEREHKME
(5ER)EEOBRT, R,AEHX 10, BERXT 10', BR.ERXEZLLEREN T

RO EESE D ERREE W, RIATRKENHA R HHEFI R “HERR %
¥ HEN, A R RE/NIBER SR ko, Eh/hahRs B RETINREA
(B 3)e XEIE,NEERNWOHFIETE. BN, FEREERDT WREOERE
EERNHE R, XEETHRERBENEEK, EXREIBEPZASEIFNERER
JR 53 B S R AR B, TER B B rh, gy (B MR ) h A R0 T BB Y, EIRE
LGRS — R RAGRROT BITE RO L ENT Y, K. BOEEKT,
A R A RS R E 3 e (BERR 1-5),

B. D. Marsh %5 (1985) S TiE M E A REN RAG TR BREBEHLEERGH
BRI EERET: 1 =44 X 107°LYr (AN A ER L~7km, {5 BE r~5 %
1077m?s™t), B ¢ =4.3 X 10", B 0.014Ma. ;i T /A M E BB ARE R &, Ak %
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B3 JROES &S E IS IR R E R T R A
ERERANEARBETEAFr AN ERERENH; FRMMEERTR
HEPESR AR SR —MnBEREL). FTRIRE, BANEEY SHERER

—EIRE ST g, i MR, (AT, EBIRE)

Fig.3 Plane sketch of the directional structure produced by magma convection in the
Zhoukoudian intrusive body.

Note that the larger enclave is surrounded by mafic minerals and

small enclaves in rotaliform, and some of small enclaves are tiled in

one side of the larger one (as shown by pencil). It seems reasonable

to assume that the larger enclave rotated clockwise along with ma-

gma circulation. Located the Yingfengpo Village. (Photographed by
Ma Changqian, sketched by Wang Siyuan)

BEEH R E RS BRI R B R B SR BN R, AT Za R LR
Agerf AL R R AR K — 2, IR AT (B0 JL T £ 5 E Ho

(Z) BAFHONIERIHR

LERSRER ZESREANIESRNREENENTE. & r ARREE
W e ABNMEE; Ao ARBREREAITEE; o AERNBREE, WEAE
BN REDR:

regeApf/3>a (1)

BESRATEROTE p=2.39 X 10kgm™ (575 BEMEL). BAEKAM
@ =20 X 107K, s B ANTEEATYEREFEE“MUKRERS, HEHEH 0°C
M EERBENZESE, BER (), FERRBEE JBREEMNSETT R TIRER/N
Rz EpRR (B 4)o

ME 4 70, BARREZE 100Nm™? D ki, 8T WA R TR ERE: KA.
FA>15cm, B HINGREA>3.5cm, K@% >1cm, 7L, LREENBET
MR E . B SR A RRER/NT 100Nm™?, AXEERET WIS RS KR
BARBUBHNRSERFBEARAGEN. SHELE4 AR TAKE - BARERK
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REMBE =2 Biotite _
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i Andesine Senbl g kBT §l menite

magnelite
; %
N %
'%0

N

£
/4
777

&

L7

&

N
~\\\\

N
‘«_ax 1

L
500 1000
Ap(Kgm™3)

B4 BR¥ER2.PEZE (L) MERBRENXR.
X ARFRBRBERN (No™?)

Fig. 4 Relationship of particle radius, density contrast (Ap) relative to the value
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calculated for 78, (2.39 X 10°%kgm™3) and yield strength.

Diagonal lines give yield strength in Nm™?
FIREE-ERREaK(GERIESHEER) SEARNEEEER. T, YEMNERK
15—20cm i, 4 BE X FE R h T RO,

2. BlERDER  EE MY, AR RLERA, R EERRSTE
RNEEERBRE. Mk, XE{UCEERER AR RN E R FMH R AR K
o

(1) EhbhEBRRE AR ST 8

38 58 = 05 TREY IR 2 BRI R

C,=C,+ (Cy — C)erf[x/2(Ds)"*] (2)

K1, Cor RIERWBRDETENER; C: AEPRTROAR; C. B
M 1(s)E, EIEEME «(m) CHWERPZTENEE; D: ZTENT A (ms™);
erf. REEM, BBHEWERRINEN, TERWIE CONSEL, AERT#
X B CaO H BB MM E . BT HREBIEN CO &8 (C) R, WA C, BIER
ST R, A SRR O AR R B R REAT S RS (A0 Co), DAY RRE
HES (D C,), MIBAE X BRI EDREIE, H: € =35%; Co=4.07%, C,=
4_.60%6
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REARSUE RS Ca T HRE, 900°C K D =47 X 107"m%™, RAR (2),%
BEEE, erf[x/2(4.7 X 1074)Y?] = 0.98286,

FIRZERBED, 1B, 2/2(4.7 X 107#)Y? = 1.685; HJ 7 == 1.873 X 1022,

M, BEBE AT Sm ZbEIRAY CaO & IEM CoZE4 C, FrBHIRTMEY: =47 X10%,
B ¢ = 1.48Ma,

BIEEROT 8, A KB Sm AR S BREFIBE KRG LE R E, EE
BLENAEERE, DSENENEREZTZAT 5m, 7L, BREBHEEERIOT BT
BER R EWMAK

(2) TERERMBEARNBRERER

ZERD, RBRERBEARD BEH XY, A58KATTHN03%; BEEE
BT EERE BB LG. SERBEERNER, XMHEBEAEERERR L IREE,
RWEENL; WEFWHBBEERBERRERANL (BIR 1-6), &R XTI E AN DA
RAEEEMERR, £ CO FHLSMEZHNRAN, th&fEBHK 6°0 R, BEZEK
h, 80 (SMOW) fHEBHIMANBEHRRAB. MIBATOWE R KL (1987)
PR, b kg 8.60—11.40%0, 23 9.25%0 (5 P EE) ;T E4E 8.42—9.52%0, E5 9.15%0
(B ANEE) ;185 HH 9.38—9.76%0, 34 9.57%0 (2 N FE)o FI ML, FRERZRFRIBEAR N Ak
BP RO KBt TR YL B o

. RABE SN HBTESE J. A. Vance f8H,fEEAR DML R, ERZDARN
TE, AR BRI IE Bl A 0™ P. M. Fenn® sz I03FRH , 8 /K Riaffk ik o,
BHERKANEREER K, AL, EAEAIKNRGETAENTEREEGARES. %
EEREEETMP ARG KENHRRARES, BRI RAERO MR R, XD, Bl
ERERGER, ZE R BREANRAKN, BERCERDEENIERE, RESERSGA
BEBNR L.

4. A TR RT3 XRS5 [ RE S 5, B AFAEES D RIER,
HREESREAVA, EEERERBEN, — BRI E LT RS, L LRk,
FlRAERMNR. ENELEEMERNEBEERANLSEMRSHNERERTES, MEE
B/INNRERNERRMA EEF, Al I, A RER, TR KEEREB AL, /A
AEAERTMEENTHRERR LAOFERE, MR EEES R RALET R RN
o

RIVRERNL, BREMBEERTESENMEEENRERSE B R ERERERNT
‘e, BIRG #e HREPRADNAB —REN ¢, EREFKETEENIKESL
Ac HIRZE AT BRRR": Ac/co=o0- AT

A, o ARFVERE (C™), HEFEAZ S, A TARNTER T A, BB
RRE , PR e K, 4H 43 A 1 T 1l L BE PR AR O [0 i, M TR R B0 B F B, 5
Bf,0>0; RZ, AR ARK BHAREATNIAIE, Ho< L,B—FHE,RA%
PETP#ABRKNAR, EFTREERERNST TS, TAGNET &A28AN, 5

1D BHX 1982, BUBAKTBRASRRETFR. LRAZIIEELBRGETD.
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HEBKPNEWIERBRJR Mg, Ca, Sc, Ti, Cr, Mn, Fe, Co ERIRENEMIH
T, —REH ¢ > 0 HRIE; i Si, Na, K IS AISRIBNERNHEE T, — o <0, FE
BRENR SR EDTN, ARRNERERTEEKE, e el M, A
BEORGELR R R, WA KO Na,O TIEERERR B kD, SBREKNREE
BEo Xhf, K*f1 Na* 5 MHEF,

B N. L. Bowen (1921, 1928) £ & XKD, RIS EERBREKRMLE S
FHERA—ERBIEN, M ARAFLRNVEE, 545 RERABLREAERE
o {HEER, D. Walker Z5(1982)™%1 J. Schott (1983)PU%r £ 223 AU 47 A0
SREe A5 RAT R, E A 200°C RUIREBSEET , RIS shak = SR AU RR 53 43 o 1RIE
J. Schott(1983)"9 Fr3[RFIME R KA B BEEFREZE XA, NiZaEwE X
HAHITH IR, BEERSE—RE R B A B AR R O EE I RERIRR 43 4
Me, B 2 435125 15—200°C 450 Hl4n, Si0; 31°c; TiO, 75°C; Cr,0, 104°C; MnO
186°Co MTREIER K, BERFREHEN. Hik, N. L. Bowen A, HTHRI HK
F(—52% 3(10)7—5(10) "m* ™) LR BuR R (107°—10"*m* ) Bk, FERERE
BB, BT SN S BT BE B AR, RAE P AR T B IR ERR B, M AR S, X—
SEWREHNC, ([HmBERAr NI i, mERKRERIIGT BIHET,.
E i BRI VR FE 4L SRR 2 B, ORI R i K 10°—10° #5549,

S RS BRI E L, E TR THE THEARKR N R A i B AR R, 3
B 5 B A R B, AN R, P B E KER Y T AR LR, AR, BIXHR
VEFRRKRGBEETY SRR HM, X5 Brhr A e, o] B0 B— M AaM2
¥, Blin, e > 0 AR, BN SEERBEEMBET 8, fEEh g ks
DSHME TR, 5%, BRESERT BRUBRIEE, BENESKEREBIDEE
(rs)) Bt yEMa (v8,) RAEWIE, 1 TE T&RARA 10—20cm (BB B4 50 (E
BR1-7), S—&KWE 10—30cm, T LGB A 500—600m, FIREESL, TERA MR
T ER 10mP, XABRTHKFUBZBNARNGHOEERPAFE, B5kds—
W, 5XEREEA, MASEAND—N, BAyrywRERY, SEEEHEXRARGER
1-8)o HRLIHEHESERER A HE%, BHEE HER. XFFKTRERKVRERE
FZETRERN®, RS EASAIMNES ZH(RNIMIE LS BEER) MREN~Wo

Mg, AR E

M PR, TR R E - ENakO RN, B ER EFERER X HHH
AME LR BARR T ITEE, BT DY VEE R R/ BT 3R .

KSR R, MR, —REERR <1, HREUEANREFT Vo,
EEEXFHERTOTREE (4.), THAMEE SR TIIRENITH

#,=0222+ g Ap- (R—15a0/4 * g+ Ap)*/n
R, g = SREE (Fa- )80 = GRFE(p.) SERBE () Z2EE (kg - m™);

1) DEW, 1987, FESFEANERDNERF BERBEGETD.
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oo = SR BIREE (Nm™); R = HREEXRE (m); ¢ = ENMEE (9.8ms™),

J. Didier (1987)%% {02, BEGMAN A —EBERBENERSERASRTE
BEFERRBRE. XFaANER, e KRB aAaERE ZRENESKE. Zakd,
PR EARBE2ERR, RACIEEREE THYENES, Eif,H MM
REBCR R kB H R E, 2D RRB AN & RIR /N I EE

R B 4R AE 900°C BHIBEEE pus FIFIAR oo = ooll — (T — T0)}*" BN
KEWER (T, =25C) HBEE oo = 2.83 X 10°%kg/m**" 51, o = 2.0 X 107°K™11
BE pp =278 X 10%kg/m’s BHMAPRERRPEHEIER R =0.23m, JERPERE
R=04Im, DIFERBEAMECE 1) RERUNB—EROZTENRE, HFW 0o =
100Nm ™2, &5 BEMEER v, = 453X 10" ms™, FEHEIR 4, = 2.53X107°ms™!y
B L, & HR TR E S ah i B b T B R B n A o

& [

L A ERFEE R RRFIERP, RO EEREE K RREA ™.

2. ABHRRIKSINE RERFER. MEREELIPEREAS, FREFER
BASHEDHRHIE, TEARETREANME BENSRERRMERSRBHITE
Al Re RS R WIERS 5T, RIVET BB Ro

. ERERER L RBERT ZEH MBS

MATHFREABEATEAGRBEZNR MBS BRBENTERFHE,. THEEE
FMREMEEE, ERE HBENEEEZNSAET TRENB Y. FERFREE
HEMATHREEFNEERRY “HRFTRACRZHY oS, EAREESL
fro BURERRFHMERI AT, ERETHE.
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THE MAGMA.-DYNAMIC MECHANISM OF EMPLACEMENT
AND COMPOSITIONAL ZONATION OF THE
ZHOUKOUDIAN STOCK, BEIJING

Ma Changqian

(China University of Geosciences, Wuhan, Hubet)

Abstract

The Zhoukoudian Stock in Beijing is a concentric zoned complex intrusive body formed by
wo ' successive intrusions. The first intrusion is quartz-diorite scattered on the border of the
body, while the second is mainly granodiorite which is the main part of the intrusive: The
latter- can be divided into three petrographic zones macroscopically, and is chemically charac-
terized by enrichment of high-temperature components, such as Mg, Ca, Sc, Ti, Cr, Mn, Fe
and: Co, in its border zones, and- slight enrichment -of some low-temperature components, such
as Na and Si, in its central part. A series of structural features indicate that the deformation
of the intrusion and thermo-metamorphic rocks becomes weaker with an increase of distance
from the contact, and that the intrusion body. is a-product of ballooning' or inflating .diapiric
emplacement. Based on the calculations of the density, viscosity and yield strength of magma
and the reasonable diffusion constants and oxygen isotopic data, the mechanism of the zona-
tion of the major part of the stock is discussed. It is considered that the Soret efféct. combined
with deuble-diffusive convection, can explain the compositional zonation of the intrusion. Quan-
ﬁtatimve examination of the ascent rates of magma shows that.successive upwelling of magma

got faster and faster with the progress of time.
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