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Dynamic connection between Archean magma vents and Dome-and-Keel Structures
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Abstract: Magmatism is the main method for lithospheric cooling in Archean. It not only produces new materials, but also provides
power for lithospheric deformation. The records of Archean deformation remained up to present suggest that the dome-and keel-
structure related to the vertical movement are widely developed in the interiors of continental cratons at that time. However, it is not
clear how the vertical structures work with the Archean magmatic activity. In order to make the study more intuitively, we made a
two-dimensional numerical model in size of 879 x 400 km” based on the finite difference numerical simulation method and then tried
to work out the intrusion process by setting magma conditions. The experimental results show that the magma vent array weakens the
lithosphere and causes strong deformation of the lithosphere. The TTG domes are formed on the top of the magma vents. There is a
negative topography between the magma channels. There is a negative topography, a depression, between the dense magma vents.
During the evolution of the dome, it will expand horizontally resulting in the narrowing of the greenstone belt and the appearance of "
bag" style. They constitute the dome-and keel-structure. In our study, considering magmatism as a condition of lithosphere
deformation is consistent with the facts from the Archean geological background. The magma vent array, as an important factor for

lithosphere deformation, provides driving force for the formation of the dome-and-keel structure.

Key words: magma vent; Archean; dome-and-keel structure; numerical modeling
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Table 1 Material properties setting
a gl s PP R
- . pol Cp/ K vk T YK H/ al Bl KM AR 51
,’W”'J\‘ ’H(u_n kg~m’3 J‘kgil‘Kil Wem K solidus liquidus u'W'm’3 K MPa %%ﬁc sin ((peff)
=5 — 1 100 20 — - 0 0 0 A 0
K - 1000 3330 20 - - 0 0 0 A" 0
; [ & 2700 B 0.15
bgiat i 3x10°  1x10° .
VLR i 5500 1000 K1 TS1 TL1 2 G 0.06
i [i] 25 2700 : ~ B 0.15
- ok 2 g 3x10°  1x107 .
S5 i 5500 1000 K1 7S1 TL1 2 x G 0.06
[i] 3000 Cc 0.15
o - ) 3x10°  1x107 .
TR i 2500 1000 K2 7S2 TL2 0.5 G 0.06
[i] 25 3300 . ~ D’ 0.15
et - 1 K2 7S2 TL2 2 3x10° 1x10° .
REE 2900 000 s 025 H 0.06
[ &% 3300 0.6
g = - - ) 3x10°° 1x107° E'
h i 2700 1000 K3 0.022 0.06
a. K1 =[0.64+807/(TK + 77)]exp(0.000 04P); K2 = [1.18+474/(TK + 77)]exp(0.000 04P); K3 = [0.73+1293/(TK+77)]exp(0.000 04P)
b. P < 1200 MPa, TS1=889+17900/(P + 54)+20200/(P + 54)%; P >1200 MPa, TS1=831+0.06P, TL1=1262+0.09P
P < 1600 MPa, TS2=973-70400/(P + 354)+778x10%/(P + 354)%; P >1600 MPa, 752=935+0.003 5P+0.000 006 2P*, TL2=1423+0.105P
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T2 REZFESHIZE (I Ranalli and Donald™)
Table 2 Rheological parameter setting
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Fig.l1 The initial model

1. Air, 2. Water, 3. Sediment, 4. Greenstone, 5. Upper Crust, 6. Lower Crust, 7. Lithospheric Mantle, 8. Asthenosphere Mantle,

9. Melt Greenstone, 10. Melt Crust, 11. Mantle Plume, 12. Heat Pipe.
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Fig.2 Lithosphere evolution results
The initial temperature in Moho is 900 °C. (a) -(d) A series of time-dependent results of dense magmatic vents. (e)-(h) A series of time-dependent results

of sparse magmatic vents. The sub figures show viscosity which has been processed by log10.



55 40 % 55 4 3] LW N NI Ay SRRt g B A E PRSP TS 121

(T RIY)

3 MRS 2 A
IR B Ry B A BT X I, 21 6k AR R L B 4k

Fig.3 Spatio-temporal evolution of topography

The horizontal display range is the entire modeling area, red dotted lines indicate the data.
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Fig.4 Results of the second strain rate invariant

It has been processed by log10 in order to be more intuitive.
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