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P-type semiconductor mechanism of igneous rocks under non-uniform pressure

Akihiro Takeuchi, Omer Aydan, Keizo Sayanagi, and Toshiyasu Nagao (Tokai University)

Abstract

To study electric properties of Earth’s crust-forming rocks, rock samples are usually placed under hydrostatic
pressure at certain temperatures. However, when an igneous rock sample is placed under non-uniform pressure, new
electric phenomena appear: (i) Electric currents automatically flow from the stressed volume to the unstressed volume.
(i1) The surface of the unstressed volume is charged positive. Quartz-less rocks such as gabbro generate electric signals,
sometimes stronger than quartz-bearing rocks such as granite. These results reject piezoelectric effect as the prim factor
but indicate existence of positive charge carriers in the rocks. Here, peroxy bond (O;X-O0-YO; with X, Y = Si4+, A13+,
etc.), which is one of the most ubiquitous lattice defects in igneous rock-forming minerals, is focused to explain these
carriers. When this bond is deformed under non-uniform stress, an empty energy level of the bond shifts down into the
Valence band and an electron can jump in this level from an oxygen neighboring. This leads to activation of a positive
hole at the neighbor oxygen site. This hole can spread away through the Valence band, like charge carriers in a p-type

semiconductor material. In the natural scale, this hole may contribute to the electric conductivity of the Earth’s crust.
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Fig.1: Experimental set-up.
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Fig.2: An example of experimental results. The sample
is fine-grains granite.
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Fig.3: Current intensity at 30 MPa of uniaxial stress.
The values are normalized to the values at the initial
pressure of 3 MPa.
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Fig.4: Finite element method analyses of stress
distributions in a gabbro block under 30 MPa of
non-uniform stress. (a) Compression in the vertical
component. (b) Shear stress intensity.

@ 03Si-00-Si0;  Normal state
Conduction band

30.* level Forbidden band
—_— u

@ @ @ @ Valenceband

1-O0.g;
b) o 8’03 Deformed state

30,” level shifting downward

— & & & & & &

o
+00.g, N
©  589%s0,

Electron jumping-in

o O O & o o o

Hole activating

@ 8905,

o

Electron jumping-in

S e e e e e e O

Hole spreading-out

Fig.5: Diagrams of activation and diffusion of a

positive hole in quartz. [4]



Ez bbb, — T, FklE BIIERKRESPKEA) TlE, ZTOBRBEA N =ANIELZWI LI
b, THHDZ LS EREBIVINE COERER [1-3] EFHMATH D,

4 HBRBELEERMEE~O P
DR OISR > PRI % H

IR L TR D, &KL LT, HEkIiEsIE LTS Earth's crust
Pk E REEBR, TAVBIES - AR T
SR % 4 — L CIHEIE — T B/ LW
7R, WIIC L B AR D O AL E R Y E LT,
R A WA AUE . HA T B L~ &
BT 5 EALO TR ME S NG (Figs), £7o.
P | M0 7178 B OTE 312 25k LT B 97
19 2 15 MR 96 A 1 D 45 S0 T 0 o LI O o
HIRTS LT S 0 VAL S AL LSRR L. ©

. AN . ;s . Fig.6: Vertical flow of positive holes in the Earth’s
LS = [0 R e A )~ B YR Bl

DR E S E R EE RIE L TWVWD fEE crust due to tidal stress.

M2RH 5 (21,

—_ )

Il
jrue

B
ABFFED IS RFAE T & D THIER R OV K TR0 7= o0 OBLIATZER R | RREE 5 : 2501) DX
EEZFTEmSNZ, ZIICRLTELZHR L LTS,

e PN

[1] E.T. Freund, M.A.S. da Silva, B.W.S. Lau, A. Takeuchi, H.H. Jones, “Electric currents along earthquake faults and
the magnetization of pseudotachylite veins”, Tectonophysics, 431, 131-141, 2007.

[2] 7rPNIEYE, B.W.S. Lau, F.T. Freund, “JEiffi & ilia 00 PR XUSE & & 0D #iz3 &E SUR SR E ~ D 5B O AT RENE”,
Conductivity Anomaly #FFE2 2008 475 X 2£, 127-130, 2008.

[3] A. Takeuchi, B.W.S. Lau, F.T. Freund, “Current and surface potential induced by stress-activated positive holes in
igneous rocks”, Physics and Chemistry of the Earth, Parts A/B/C, 31, 240-247, 2006.

[4] A. Takeuchi, Y. Futada, K. Okubo, N. Takeuchi, “Positive electrification on the floor of an underground mine gallery
at the arrival of seismic waves and similar electrification on the surface of partially stressed rocks in laboratory”,

Terra Nova, 22, 203-207, 2010.



