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Numerical Experiment of Rising of Ultramafic and Mafic
Rocks by Squeezing

Daigoro HAYAsHI*

Abstract: Two mechanisms for the rising ot plutonic rocks in terms of
their origins are plausible. One is the rising resulted from the buoyancy of
acid plutons, e.g. granite and migmatite which are lighter in density, being
2.67 and 2.76 respectively. The other is the rising due to the squeezing of
mafic and ultramafic plutons, e.g. peridotite and gabbro which have heavier
densities of 3.23 and 2.98 respectively.

There has been no verification for the mechanism of squeezing so far, though
the mechanism by buoyancy has already been proposed by such authors as
RAMBERG (Gravity, Deformation and the Earth’s Crust, Academic Press, 214p,
1967) and Kizakr (J. Fac. Sci. Hokkaido Univ., Ser. 4, 15, 157, 1972) and
others.

The term squeezing signifies that when a pluton is heavier than its surround-
ing rocks (crust), the pluton is squeezed out by the pressure of the surrounding
rocks. The rising of pluton by squeezing is demonstrated numerically by a
computer simulation in the present paper.
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REEBTIL EHAORNE A~ BB E LT, £OLREIAE 22203 bh
2THHY. 12X MEANCIBER] THY, ThLfbks (BE 267) 1 /<54
b(HEEE2.76) /s X OfMESICHMA IS, a0 1o TLIEV R LIZE 2 LR THDY,
SRk v F s (BE 323) v v (BE 2.98) fo kX O Ay LHHH:
BRHERAEhD E12R).

EMC X % ER ] oL RAMBERG (1967) %k (1975) 12X B A # — L &5 L 5B
RPHEERICECE > TTTRITFE THS. SHIcZ OBED X v Bfhfy7s = 5 A bt
Fyre (1970), Kizaki (1972) i X ¢¢ Kizaki and Havasur (1979) Bic X - CTHREXh 3
CE LTS,

UL Liehin, TLE LIzt s ER) OfcB LT, WERERIZLE X DR
BRI Sh 2 E>Toivw. TLIEVH LI X2 LR OFHIIM 4« 55 5,
CCTREATHIRBAEG—ZNIEAETLESTL RV — BEOEME L Y { HENE
WHBEERLTVS. o ERRBRBECEENLOEN (57) Kk o THVE
LIEDHEh2 2 L aBHRT 5. CoBRNABb WL, MABEL 1Bo LISV LICX
522D LERERNLINIBTHHS.

&1 iz ORREHROHE (CLARK, 1966 i2 X 3)
Table 1. Densities of various plutonic rocks (CLARK, 1966).

Serpentinite 2.6 2.8 g/lcm3 Granulite 2.93 g/cm3
Granite 2.67 Gabbro 2.98
Gneiss 2.69-2.84 Amphibolite 2.99
Granodiorite 2.72 Peridotite 3.23
Anorthosite 2.73-2.77 Dunite 3.28
Charnockite 2.74 Eclogite 3.2
Migmatite 2.76

2. BRAORE
WIS LRI~ v b A TR AR TS & ShBEREE, ThbbiEy, »
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FRETREMTZ 22T bhs. BREABGERELIZ y 2 u14 ) vy
(rhythmic layering) % #>% m &, -3y Yy = (batholith) K% 24 % Adirondack B{E
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BEMINDIDTHD. HEXELI, TL LTV LA BERREL DK hBROTR
ﬁmtwa@meﬂ£F~Aﬁ%mLmﬁﬁE++—/yw4b&#bAmmmeﬂe
AT bR, BREABGEETE L0, ~v v 88~ 7~ b okEEMUERIC
L ORRAPUWH LT Sh 5. Labradorite Mo 4 013, ZREE~ 7 ~DEARL L
DT, Andesine D H DI, —ERA L~ 7/ ~ABicHebh, MAORMELToL
bhs.

22T VETS AR IEORRL’ S 5. 1 FRAALGEIES LOT, ZhidX
WEH~ 7~ OB MR L D 7 v 5 YA Lc b O THD. ¥ ZALFRE
AEEEET2H0T, BYICHE Ly v 5 vESRLIBICEET 5, b HKE5
EFRC X4 DCTHSD. HED DI, Alpine B » v 5 vEEHT, - hoREIL3 >
BEEZBRATVS. 1FARXREBLLY 2 54 FE~ 7~ D& MUERC L b
Y TVEPUET A LRI B LD, 2HFEIL, HHO %8 v5 vt~ rediey |
AL ERLTEALLD. 3FRIR, EETE CAEMBEeLTTc tnbEs b
RIb DT, SHIIEEHLED ALOs ¥ EXMA+ A ©x A DHAER L ED. B0 %
ETHBALRLBEALLLD, Tibb i1 YA LR THS.

TEREDRRICIR2 25 5. 1201, KPEHRAHIM LT TEEREE~ 7 <2 E
RLET %, Whdb anatexis IZX54D. Linl, THIEA L rvFy AR GO
PEPLRIEEHITHS. D 1213, \hdp% Ringwood £F AL CTELAL I 7L
AV ER< BN TEBLTTES L T5L0THS.

CHhLIMOEREGRDOBREDL L, ~ 7/~ LA LB LA TELD0THS.
CHDDOEFRI LR~V P ATER LD S EMbhS. WFRIC LTS, -5 o
B, ThOPBETHL S LEBTHSS LIFENC L 2BEHOLRE, LIEhHLIZXS
BRI /s LMD LR LT bhbThA 5.
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A% crystal mush ORBTHD EFHEL, TOEHERSEY 100 S I 100 K7 XL W5 1K
WEIRE - ThHB. Ibic, LIEDHShaWEEEc . LEEEEE T Y, B
EEIVELL KThERLERW. 2o LY B EhsEWEHE% SQB (squeezing body)
L&, TOEELTIHOIERED 2.50g/cm® X hEL, RESEHE Gk LRAL 2.70
glem® IC{RE Lic. %7 SQB DO¥ikRizi o 10 £ 7 X, fEfgED 100 £7 X, ~
VIEAD 102 RT7 RCHENTELDTPHI 1018 87 XL 100 27 XEFHEL, Fh
thoe7Frkes L BI5S, €574 BI0 & Lic. o5V B LTI RDIC, LIE

£ 2 300FFNCACONIHEE LR, LROEIFE (g/cm?),

TRITHEEE (F7X). *HZEFV A OELFLHE
Table 2. Densities and viscosities used in three models. Upper value is

density (g/cm®) and lower is viscosity (poise). Symbol = means
the same value as in model A.

7L A 51 B10 * 7N BIS
2.7 2.7
SQB 1010 1015
2.7 * %
Crust 10 . .
2.5 # %
Granit
ranite 1020 . .
3.0 * "
Mantle 1022 . .
C c . c : c
~sos~’§:_'
20 km G . G
M M

28 lom 28km

1 =7V A0SR, C; g, G; 1t 2 7L BOHER. SQB; LIFYHL
BME M; => o A C G M IR 103HBEES
Fig. 1. Simplified diagram of model A. oz L
C; Crust, G; Granite, M; Mantle. Fig. 2. Simplified diagram of model B.
SQOB; Squeezing body. Other sym-
bols C, G and M are referred to
the caption of Fig. 1.
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hiiZh a5k (SQB) ois\vve5F 1 AR 3EE L. 2hizEeF L B 7 SQB %
DHE-NDIDT, DOKHEIETFVB LESLLALTHS. ThbDEHEYE2 R
T IbrEFLA LB LOBREHHERYR] LR2RT. RRRLEL IR,
Bt (SQB) OFRE K SUHBC LTHH DIk, BEERHETO v L1 HEOBR
Lot dTH B (Kizakl and HavasHi, 1979 0K S5, 8, 10 #BRBDO ). =D
&, BEOHRERH O~ v vA EOWRBIL,  ORERROWPER LMTiil, %
DR (200 TEE) OHCHIETNETHS. £ LTHZEOREII—EHRTEL0
EEbIhS.

IhB3DoDEFAL (FL A, 50 B15, 54 Bl0) zoWTC, FEOBRBELE:
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0 5 10 1% 0 5 ) 10 14
B3 =7LAQERNNLERRY: 4 E7)LBOERNUEERRM
LLbglrr. o SRR Fig. 4. Initial boundary condition and parti-

tion in model B.
GLLLLgl Ly 5 ab FEICEH
Fig. 3. Initial boundary condition and parti-
tion in model A.

_AL%LLL_ ; perfectly restricted
.a"—/‘ffd‘b' ; free along ab
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M7 e 75 AR AVTCEELE. cD7Fe 75 s, BEEOFRERE =77 a%
SREERY: Newton Jifia i< 2ok S hic 7 v 75 A Th Y, T TN & BTER
SR D b 5 BB S R Ik B B RREBT S (B, 1975). Wi XosEtiL
DM LR BRI L.

ST, HBERER BB, Thb3ID0TFALED LS BRI LI
M3 L4 RT. ShbT~T3 M) EHR206 [, & 855125 Ecafile. &
fe 1 BEORELAR TENER 200 ERES R, 200 HERICHT 5 EH REHH 52
CEht. ChboERE, FREROEFARCDOWTSOFES LR LICONRRS 2 b
RI6THB. hHOBICY T, LIEDHShaHEHCRBEED&BOEHATAR
na.

B5 £51LADS50 FEROETER

Fig. 5. Deformed diagram of model A after
0.5 million years.

B6 7L ADI00FERDEER
Fig. 6. Deformed diagram of model A after
1.0 million years.
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B 7 ®FLADIS0FERDOEER
Fig. 7. Deformed diagram of model A after
1.5 million years.

B8 7L AnD200FE#DEIEX

Fig. 8. Deformed diagram of model A after
2.0 million years.
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9 =7 BIS»D 50 FHEHOEIER
Fig. 9. Deformed diagram of model BIl5
after 0.5 million years.
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B 11 =71 B15» 150 TEHZOEER
Fig. 11. Deformed diagram of model Bl5
after 1.5 million years.
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E 13 71 B10 » 50 FEZOEIER
Fig. 13. Deformed diagram of model BI10
after 0.5 million years.

10 =) B15 » 100 Jiii 0"
Fig. 10. Deformed diagram of model Bl5
after 1.0 million years.

RNZA ST N

12 =71 B15 ® 200 7R 0 ZIER
Fig. 12. Deformed diagram of model Bl5
after 2.0 million years.
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14 5L B10 o 100 FE#0BER

Fig. 14. Deformed diagram of model B10
after 1.0 million years.
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15 =51 BI0 0 150 FEHDOEFEN

Fig. 15. Deformed diagram of model B10
after 1.5 million years.

20~

] 5 10 %
B 18 7). BIS 0@ FERE L 200 J4E
BoEIEX

Fig. 18. Initial diagram and deformed dia-
gram after 2.0 million vears of model BIS5.

KRIER (R Bt

\\ i \ 7N

E 16 -5 B10 0 200 FEELDOEER

Fig. 16. Deformed diagram of model BI10
after 2.0 million years.

17 =70 A OISR L 200 THEHRD
2
Fig. 17. Initial diagram and deformed dia-
gram after 2.0 million years of model A.

o] 5 10 %
19 =50 B10 O R L 200 74
#BOBEX

Fig. 19. Initial diagram and deformed dia-
gram after 2.0 million years of model B10.
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KESRDE, LEVHEShD2EGE LROHIETHMEARELTVB. ChBDOE
WOREREETFALI L ELDTRLEOBRIT 6R 19 THB.

EFAAR, FHCIBTEREDLATHY, LRCIVIERMADOHBRED R L
Wh, Zhuixtk (1975) OffRE—BLT5

=7 BIS i3, K18 2L BAre X 512 SQB 23 Lific LIE h I X h 3 & A AKE
FH~BE LTS,

=74 BIO (19) 4, €54 BI5S LAKOLEIVHLE ST TWB. ZOEFLD
Bxe7r BIS X LACEBHENKRECOIHFHTHS.

®7 /4 BIS X0 BI04, ThOOBELHUERNILLZTIWALI L L 5 cEED &
A ¥ ATl crystal mush # LIEHHXWBWEE Li=bDTHD. L5 DK
HWOFTHBAND, B4 v L ORBTULEVRIWTERBBT5LELLRT
VBRI, v 5 vEO— )T, filuk crystal mush i L= S~ DR EBTH
HEEXZLRTVWAENLTHS.

EEMK, ThOLDEFARI->TECYEHEI B E P2 LRTEZ ENETIR
fo.

L L, Rl CBCYERCECYERD > Th, BV E T2 TH
5. BREMDDHTLW LN, BEVHEFY ERTIBCHEONTICL 5082
MOBCHHEDLDBEHC, TORBEOECHYHLABCHECHINT, 2FVEHES
FTEATHZEMNETF L BIS L BIO It k- THRIES hichid Thb. BUHEIEL
WHAPR ERT B0, RALKORRTZEhEZOBEN IV b AER EAEEHY
ZTALERDD. ZOGFIEANTEREDO LA TH ol LichoT, iDL
EEN, REZEER =V Ah b0 BARPHEBEDOLERACIBIENNS VS VED
crystal mush % LIZH i3 2 # = X2 +0ELBhS. Z0d, EFL B THRE X
hick 5, BVWHREYBVCWEASLZALLEI L, LEAYEL > cES1RHh
KR

THIE, ZOPMEEHRLLTRINDO LODkHER, BEEE - LIS
LT 3RO T % /A2 e b T RS o LIkt hic Y43 5 (KEE A A
FETHETE, W58 ThHS.
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HAFMB LT -1 bOTH B, FEREEM LT 78U o KIE T T BR#d2 45 X OB 7 46
BIERT DBIFRE AL R BT 5.
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