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Mathematical Model of Thermal Effect of Magma Intrusion into
Porous Reservoir and Its Application

YU Shui
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Abstract  In this paper, a mathematical model is proposed for the thermal effect of intrusion of magma into porous reservoir to
simulate the geological system of magma intrusion and the heat effect in solidification by using an equivalent algorithm, based on the
equivalence principle of the physical and mathematical equations. The transient finite element analysis transforms the original rock
magma solidification boundary movement into a physical equivalent heat source boundary with no new movement, namely, a single—
step solidification model and a multi step (three step) solidification model. The main advantages of the proposed algorithm is that the
finite element mesh size is fixed, the varied time step is used to simulate the intruding magma solidification thermal effect through the
traditional finite element analysis. Comparing various thermal effect models, it is shown that the numerical single-step solidification
model solution and the multi step (three step) numerical model solution enjoy similar accuracy, so the single—step solidification model
can effectively simulate the thermal effect of the magma intrusion in the porous rock. Single and multi step (three step) solidification
models are compared with the Wang Min model and the Zhao model, and it is shown that the single and multi step (three step)
models give solidification results more consistent with those of the Zhao model, which theoretically are closer to the actual geological
data. The diabase intrusive analysis of Shang 56 sha 3 pool is carried out to simulate the thermal field, and it is shown that the Shang
56 Sha 3 pool thermal cracking volume is 9.02x10* m’, and the preservation conditions of the reservoir is poor, with a large amount of
oil and gas leakage, to which is attributed mostly the loss of crude oil.
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Fig. 1 Sketch of magma intruding host rock
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