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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 Kizaxki (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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HRCARTRL ERADHAIE «H5H L LTH, TOEFEHILEL 2200 bh
HTHHH. 12X NENC X5 L5 THhY, chixfimss (B 2.67) 3 /~x4
b O(HEE2.76) fo L OBEMEC I NG, ol o TLEhLiIck s 5] ThD,
Shikn v 7 v (B 323) o~y vA g (FE 2.98) 7o O 8 R hioy L2
BHLHERAshD (E1ER).

MEHC X % LR OB RAMBERG (1967) o4k (1975) 12X B A r — L 5 L KB
RPEMEERRc LWL > TTCTIBGLFE TH B, I hicZ DD X » AR =5 i
Fyre (1970), Kizakr (1972) 35 X 0% Kizakr and Havasur (1979) B X » THREI %
ZE ST 5.

L Liehn, TUEh Ll s bR offcBE L i, WERERTIL E X DS
BEICLRHAIRBCRE S Chew. TLEWH LI B LR OFZTIE 2D 57,
TR ERTAERPCER— I AT HEGRTE RU—2AEOEA L D L ENH
WHBEERIREL TV, CoLRRERABOEENDDET (581) 12X o THWERED
LIShIERD 2 E2ERT S, ZoFERNLO W L, MABSL 1o Ligh LIz X
H=7=DLERELBRINIDTHAD.

x 1 FHxOBREEOEE (CLARK, 1966 12 X )
Table 1. Densities of various plutonic rocks (CLARK, 1966).

Serpentinite 2.6 2.8 g/cm? 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 3.42
Migmatite 2.76
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# A/ Labradorite # & N — ake e LTERBEF +— /7 v 71 F %#f£5 Andesine Hl &
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ChO3EOEREROKRDOL L, ~ /<A LR LTREBLLETELDOTHS.
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»s crystal mush DIRFETH D EREL, TOMMERY 100 L L 100 E7 XL W H{K
WEIZE o TH D, EhiL, LiZhShaWEEEE RV UBEE R TH Y, R
AfEXVELI LTIy, 2o LiEh I b EV Ak % SQB (squeezing body)
AT, TOREEL THMOEHED 2.50g/cm® X hEL, FESME (bR &L 2.70
glem® ({75 Lz, Fic SQB DMitEH iz © 102 £ 7 X, {ERa® 102 #7 X, =
VEAD 102 ET7 X RT EhSTRIW 108 27 2L 100 27 X EHEEL, Fi
EhoEFriEs L Bl5, €570 BI0 & L. Zox5 B EHET 2o, LIE

£2 300FTFLICHOONLEE LR FROMIEE (g/em?),

TEEMER (R7X). «HiZeFL A O[] UHE
Table 2. Densities and viscosities used in three models. Upper value is

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

EFL A £ 57 B10 + 7 B15
2.7 2.7
SQB 1010 1015
Crust 2.7 % ]
Tus 1021
Granit 2.5
ranite
10%
3.0 ES £
Mantl
antic ]022 )
¢ c c c
_:-:"\SQB”-:?_‘
G
20 m 20 km G
M M
28 km 28 km
1 7L A0EEX. C; #iz, G; 1t 2 E=EFALBOMER. SQB; LiFV L
ME, M; =~ 1t mik C, G, M 3R 1 0FHALES
Fig. 1. Simplified diagram of model A. Hoz L
C; Crust, G; Granite, M; Mantle. Fig. 2. Simplified diagram of model B.

SOB; Squeezing body. Other sym-
bols C, G and M are referred to
the caption of Fig. 1.
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LEBbhs.
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O
10— 10—
q O
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T YooY Y Ym T | [ m T
0 5 10 14 0 5 10 14
B3 =7VAOERSEHLEREH B4 7L BOERSELEEARME
_M%LLL. s SEefEE Fig. 4. Initial boundary condition and parti-

tion in model B.
aLLeggLsly  ab Hmic A

Fig. 3. Initial boundary condition and parti-
tion in model A.

_a%zu_ s perfectly restricted

O-LLLELLLLl + free along ab
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Mtk 7 e 75 AR AWTHE L. 207 e 75 A, BEEOHRERE v /S5 a%k
JEEMEYE Newton Jiifh% L edITIhEI A7 v /5 ATH Y, T TIIFINC X BTEMH
HEAEKROE B BCHERINFRD 2REERLBTV2 (B, 1975). Pk XOENL
DML BRI SRIIC.

2T, AREFELYAVLLDIC, ThE3DDEFAXED X 5 ICEHE Y Licnik
M3 LKA 1RT. Zhb TN T3AEFK206 M, & & BI2S @erdite. ¥
72, 1 BEORMZIATEhLh 200 BIRE Sh, 200 HEEICI 22 T8 RIEH B 5 A
wd&hic. ZRbOERY, ThERDETFALDOWTIOFES LR LIEOHK S b
MI6THD. ThbDOEICL > T, LIEHHIhDEELFFEEED & BOMEE 252N
hs.

i { ' |
| | |
5 7L A0S0 FERDEEN B6 5L A0I100FEHDERH
Fig. 5. Deformed diagram of model A after Fig. 6. Deformed diagram of model A after
0.5 million years. 1.0 million years.
N7
/
/
K7 £7FLADI50 FEHDEEX B8 €5 A®D200FGFEHEDOEER
Fig. 7. Deformed diagram of model A after Fig. 8. Deformed diagram-of model A after

1.5 million years. 2.0 million years.
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9 =7 BIS D S0 FEZOEIEX

Fig. 9. Deformed diagram of model BI15
after 0.5 million years.
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EH 11 =7 BIS D150 FEZEOEIEX

Fig. 11. Deformed diagram of model Bl5
after 1.5 million years.
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E 13 =51 B10 @ 50 FHEKDEEX

Fig. 13. Deformed diagram of model B10
after 0.5 million years.
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10 =51 BIS ® 100 FEHZDPEEX

Fig. 10. Deformed diagram of model B15
after 1.0 million years.

C ® 12 ®51 BIS 0 200 FEBDEFN

Fig. 12. Deformed diagram of model Bl5
after 2.0 million years.

E 14 =7 B10 ® 100 FEHOEEN

Fig. 14. Deformed diagram of model BIO
after 1.0 million years.
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E 15 =51 B10 ® 150 FEHOEEX

Fig. 15. Deformed diagram of model BI10
after 1.5 million years.
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0 5 10 14
B 18 =7 B15 0oy AK & 200 4L
TBOEFX

Fig. 18. Initial diagram and deformed dia-
gram after 2.0 million years of model B15.

K FER (FEtHER

N
N

NN N

B 16 =5/ B10 ® 200 FEZDOEER

Fig. 16. Deformed diagram of model BI0
after 2.0 million years.

B 17 =54 A OISR & 200 TTER D
ZEH
Fig. 17. Initial diagram and deformed dia-
gram after 2.0 million years of model A.
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i | | |
¢ 5 10 1%

B9 19 <=7 B10 0 R 3 & 200 5 4F
BOEHEX

Fig. 19. Initial diagram and deformed dia-
gram after 2.0 million years of model B10,
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KELRBE, LEVHIKEGEY EROWMETHRMEARBEL TS, Zhb0%
WORREEET AL ELDTRLEOERIT K19 ThH5.

EFNLA, BNCEBTEREOLEATHAY, LHICIVIEREOHRIEZDO R L
Y, itk (1975) OFERE—HLTW%.

=54 B1S 13, K186 bakt X 51 SQB 23 Eiflic LI h & h b & FRFC KT
HANBE LT,

74 BIO (M19) &, =74 BIS LAEOLIEVIHLEZSTTH3. Z0EFAD
BEXET L BIS L) IREPBEELIKREVCOLRETHS.

=71 BIS 5 XO'BI0IL, ThbDEE LHERNORTHHLL X 5 ICEED X
A4 ¥ e Tl crystal mush # LW EhBPEE LD THD. LW 5 DI
ROFTHBR D, BELA v ELORBTULEVHRIATEABETAEELOAT
WBEHMEL, v 5 VvEDO— T T, filix crystal mush 7o\ L =Dk BEBTH
BEEZLRTWAHBLLTHS.

EEMmL, THHLDEFARI>TEVVYE I BV E P LA THZ ENFEEIR
7o, ‘

L L, RELACBGCHEFCECHE D> Th, BEVHHEIUETIETTS
5. BREMEHLRTIWLLES, BEVWYHPE EATLIBVHEROARIZE 50L2
BOBEBNYEND DHEC, ZOBRFEORECYEIBEVCHECHINT, 2FHWENES
FCERTACENEF N BIS L BIO 12X o TRIEEINHITTHD. BOYENR
WHbE LR T DIy, RALKDORRTERAZFOENIL VI KER EREE %
T ABBEEBHE. ZOHBHERXETRBIERED LAIEAThH o, Lichi-T, iDL
EIEH, Il EER= v AnbDERUEPREED LA IZIENN S vF VED
crystal mush % LI W T 2 7 = XA+ H0E2bhb. 03X\, =S54V BTHEX
hickdic, BEVWHHE2BVCYENSAZA LB, LEBAHEL 2R Al bh
IR,

XBiT, ZOHMEER»SLTFHEINLO LoD, BEEE RV LB ERD T
LT\ SR O FH % i AEIC 27 b TSV LI E Il ST 2 KRB ES
BETHXTR, W52 LTHA.
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